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MTTCT.EOSID T? nKPTVATIVES 

Field of the invention 

The present invention relates to novel chemical compounds- and 
pharmaceutically acceptable salts thereof which can be used in 
therapy for therapeutic and prophylactic treatment of the 
acquired immuno deficiency syndrome (AIDS) and infections caused 
by viruses requiring reverse transcriptase for replication, such 
as human immuno deficiency viruses and hepatitis B virus, and . 
also for treatment of other virus diseases, such as those of 
herpes viruses, diseases which include both common infections 
and neoplastic diseases, i.e. cancer. 

Rackaroupf^ of the invention 

The effects of viruses on bodily functions is the end result 
of changes occurring at the cellular and subcellular levels. Th^ 
pathogenic changes at the cellular level are different for, 
different combinations of viruses and host cells » While some . , 
viruses cause a general destruction (killing) of certain cells^ . 
other may transform cells into a neoplastic state. 

Important common viral infections are herpes dermatitis 
(including herpes labialis) , herpes keratitis, herpes genitalis, 
herpes zoster, herpes encephalitis, infectious mononucleosis and 
cytomegalovirus infections all of which are caused by viruses ^ 
belonging to the herpes virus group. Other important viral 
diseases are influenza A and B which are caused by influenza A 
and B virus, respectively. Another important common viral dis- 
ease is viral hepatitis and especially hepatitis B virus infec- 
tions are widely spread. Effective and selective antiviral 
agents are needed for treatment of these diseases as well as for 
other diseases caused by viruses. 

Several different viruses of both DNA and RNA type have been 
shown to cause tumors in animals. The effect of cancerogenic 
chemicals can on animals result in activation of latent tumor 
viruses. It is possible that tumor viruses are involved in human 
tumors. The most likely human cases known today are leukemias, 
sarcomas, breast carcinomas, Burkitt lymphomas, nasophopharyngal 
carcinomas and cervical cancers where RNA tumor viruses and 
herpes viruses are involved. This makes the search for selective 
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inhibitors of tumorogenic viruses and their functions an 
important undertaking in the efforts to treat cancer. 

In the late seventies a new disease was reported, which 
subsequently was referred to as Acquired Immune Deficiency 
Syndrome (AIDS) . It is now generally accepted that a retrovirus 
referred to as HIV (Hximan Immunodeficiency Virus) , formerly 
known as Human T-cell Lymphotrophic Virus (HTLV-III) or 
Lymphadenopathy Associated Virus (LAV) plays an essential role . 
in the etiology of AIDS, Different types of HIV have been found, 
such as HIV-1 and HIV-2 and more are likely to be isolated. 

AIDS is characterized by a profound immunodeficiency due to 
low numbers of a subset of lymphocyte-T-helper cells, which are 
one target for HIV infection. The profound immunodeficiency in 
AIDS patients makes these patients highly susceptible to a 
variety of opportunistic infections of bacterial, fungal, 
protozoal or viral etiology. The etiological agents among viral 
opportunistic infections are often found in the herpes virus < 
grbup/ i/^i -herpes simplex virus .(-HSV) , Varicella Zoster virus 
( VZV) Epstein-Barr virus (EBV) ^ and :especially^ cytomegaldvirus 
(CMV) . other retroviruses affecting humans are HTLV-I and II and 
examples of retroviruses affecting animals are feline leukemia 
virus and equine infectious anaemia virus. Human diseases such 
as multiple sclerosis, psoriasis, tropical spastic paresis and 
Kawasaki disease have also been reported to be associated with 
retrovirus infections. 

Hepatitis B virus infections cause severe disease such as 
acute hepatitis, chronic hepatitis, fulminant hepatitis in a 
considerable number of persons. It is estimated that there are 
200 million patients with chronic hepatitis B infection in the 
world. A considerable number of the chronic cases progress to 
liver cirrosis and liver tumours. In some cases the hepatitis 
infections also take a rapid and severe course as in fulminant B. 
hepatitis with about 90% mortality. At present there is no known 
effective treatment against hepatitis B infections. The 
replication of hepatitis B virus is similar to that of 
retrovirus and it contains the same essential viral reverse 
transcriptase activity. 
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fleneral mit.Tlne of invention 

A great number of nucleoside analogues exhibit several 
antimetabolic activities. They do so by substituting for or 
competing with the naturally occuring nucleosides. Recently 
some nucleoside analogues have been described, which inhibit in 
cell culture the multiplication of human immune deficiency virus 
(HIV, also called HTLV-III, LAV) the causative agent of AIDS and 
AIDS-related complex (ARC). The nucleoside analogues described 
which inhibit HIV multiplication all have the /S-D-furanosyl 
configuration. 

We have now found that activities for inhibition of HIV 
multiplication are exhibited by nucleoside analogues in which 
the 2' -hydroxy 1 or 3'-hydroxyl is substituted for by a methyl or 
hydroxymethylene group or another methylene derivative thereof. 
The furanosyl moiety may have a D-conf iguration or 
L-cbnf igurdtion . 

" ' ; some 'of the compounds ;and. intermediates - of the . invention , have 

bieen described previously. 

J. Med. Chem. Vol 22, 1979, 518-525 describes the synthesis 
of methyl 2 , 3-dideoxy-3-C- (hydroxymethyl) -0-D-erythropento- 
furanoside as well as the corresponding dibenzyl- and dibenzoyl 
derivative. The chloro derivative 5-0-benzoyl-3-C- 
[ (benzoyloxy) methyl) ]-2 , 3-dideoxy-D-erythro-pentafuranosyl 
"chloride was coupled with 2-acetamido-6-chloropurine. The 
product was processed further to give the two anomers of 2- 
amino-9- [2 , 3-dideoxy-3-C-3- (hydroxymethyl) -D-erythro- 
pentofuranosyl]-9H-purine-6(lH)-thione which were tested for 
antitumor activity. The synthesis of 2 ' , 3-' -dideoxy-3 ' (R) - 
hydroxymethyl uridine has been described in Nucleosides & 
Nucleotides 1 (1982) 263-273. Uridin. was converted to l-(3- 
amino-2, 3 -dideoxy-jS-D-glucopyranosyl; uracil via a multistage 
sequence, which was further reacted via ring contraction, 
epimerization and reduction to give 2' ,3'-dideoxy-3' (R)- 
hydroxymethyl uridine. 
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a-Anomer compounds of "the formula 

HO- 




whereln X Is O, S or CH2; Y is OH or NH2 and is H, CH3, 
CH2CH3, CH2CH2CH3, CH(CH3)2/ CH=CH2, CaCH or CH=CH-CH3, and their 
jS-anomers are described in the International Patent Appplication 
No. PCT/SE88/00169, (publication No. WO 88/08001). 



Disclosure of the invention 

The present invention relates to new .compoxinds of the 
formula lA OR IB 




R 



lA IB 
wherein X is O, S, SO, SO2 or CH2; R^ is OH, OPO(OH)2/ 
0P0(0H)-0-P0(0H)2/ OPO(OH)-0-PO(OH)-0-PO(OH)2 or (CH2)nOCH2 
P0(0H)2 Wherein „ is 0-2; R^ is H and R^ is CH3, .CH2OH, CH2OCH3, 
CH2SH, CHjF or CH2N3; or R3 is H and R^ is CH3, CH2OH, CH2OCH3, 
CH2SH, CH2F or CH2N3; 



r4 



IS 




or 




wherein Y is OH, NH2 and is CH=CH2/ C=CH, CH=CH-CH3, 
-CECH3 thien-2-yl, thien-3-yl, CH3, C2H5, n-C3H7 or i-C3H7; 



R6 and R7 are the same or different and are H, F, Cl, OH, NH2 
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or SH; 

and pharmaceutically acceptable salts thereof. 

In formula lA the sugar has either the a-D- or the /?-D- 
configuration. 




lAb jS-D-configuration lAa - a-D-conf iguration 

In formula IB the sugar has either the a-L- or the 
jS-Lrconf igviration . 




iBa- a-L-conf-|.guration IBb jS-L-conf iguration 

Said compounds have been found to inhibit the multiplication 
of human immunodeficiency virus (HIV) . 

The invention consequently also refers to the compounds of 
the formulas lA and IB for use in therapy. The compounds of the 
formulas lA and IB are useful as therapeutic and/or prophylactic 
agents in the control and treatment of HIV virus infections in 
man. In a more general aspect, the compounds of the formulas lA 
and IB are useful as therapeutic and/ or prophylactic agents in 
the control and treatment of infections caused by retroviruses 
and hepatitis B virus in mammals and man. 

All retroviruses, including HIV, require the enzyme reverse 
transcriptase for replication. 

Hepatitis B virus (HBV) is a DNA virus with a unique 
circular double-stranded DNA genome which is partly 
single-stranded. It contains a specific DNA polymerase required 
for viral replication. This DNA polymerase also acts as a 
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reverse transcriptase during the replication of HBV DNA via an 
RNA intermediate. 

Other possible uses of the compounds of formulas lA and IB 
are as antimetabolic and antineoplastic compounds and compounds 
for treatment of other viruses. 

One possible use for the compounds of the formulas lA and 
IB is in the treatment of herpes virus infection. Among the 
herpes viruses may be mentioned herpes simplex type 1 and 2, 
varicella (herpes zoster) , virus causing infectious 
mononucleosis (i.e. Epstein-Barr virus), cytomegalovirus and 
hximan herpes virus type 6. Important diseases caused by herpes 
viruses are herpes dermatitis (including herpes labialis) , 
herpes genitalis, herpes keratitis, herpes encephalitis and 
herpes zoster. 

Another possible area of use for the compounds of the 
present invention is in the treatment of cancer and tumors, 
particularly those caused by viruses. This effect may be 
obtained in dTifferent ways^ i.e.:'by inhibiting the spread of 
; ; viruses from transformed ;celis*:tp other normal cells and by 
arresting the growth of virus-transformed cells. 

Another possible area of use for the compounds of the 
present invention is in the treatment pf parasitic infections. 
Parasites usually have a specific enzyme activities for 
nucleoside metabolism making them amenable for therapy by 
nucleoside analogs. Among the parasites may be mentioned the 
Schistosama, the Dipetalonema, the Trypanosoma, the Leishmania, 
the Trichononas Emereia, the Plasmodium and the Toxoplasma 
families. In this regard, an important member of the Protozoa is 
Pneumocystis carinii, causing severe opportunistic infection in 
AIDS patients. 

The invention furthermore provides: 

A pharmaceuticgl composition comprising a compound of the 
formulas lA and IB as an active ingredient and a 
pharmaceutically acceptable carrier, including lipsomes; and 

A method for therapeutic and/ or prophylactic treatment of 
virus infections in an animal or human host in need of treatment 
comprising administering an effective amount of a compound of 
the formulas lA and IB. 

It is a preferred aspect of the invention to treat 
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infections caused by viruses requiring reverse transcriptase 
for replication, including human immuno deficiency viruses and 

hepatitis B virus. 

The invention also relates to the use of a compound of the 
formulas '\ and IB for the manufacture of a medicament for 
therapeutic and/ or prophylactic' treatment of the acquired immuno 
deficiency syndrome and infections caused by viruses requiring 
reverse transcriptase for replication. 

Preferably they can be used for the treatment of infections 
caused by HIV viruses or hepatitis B virus. 

The following compounds of formulas lA are particularly 



useful in medical therapy. 




Y is NH2 and is H; Y is OH and is H, CH3, C=CH, 
CH = CH-CH3; R^ is NH2 and r'' is H, OH, SH or NH2; R^ is H and R^ 
is OH, SH or NH2; R^ is F or Cl and r'' is OH, SH or NH2; R^ is OH 
and is OH. 

Examples of pharmaceutical ly acceptable salts of the 
compounds of formulas lA and IB include base salts, e.g. 
derived from an appropriate base, such as alkali metal (e.g. 
sodium, potassium, alKaline earth metal, e.g. magnesium) salts, 



wo 92/06102 



8 



PCr/SE91/00653 



aimaoniiom and tetraalkylammonium. Physiologically acceptable acid 
salts include salts of organic carboxylic acids such as acetic, 
lactic, gluconic, citric, tartaric, maleic, malic, pantothenic, 
isethionic, oxalic, lactobionic and succinic acids; organic 
sulfonic acids such as methanesulfonic, ethanesulfonic, 
benzenesulfonic, p-chlorobenzenesulfonic and p- toluenesulfonic 
acids and inorganic acids such as hydrochloric, hydroiodic, 
sulfuric, phosphoric and sulfamic acids. 

Mono-,^ di- and triphosphate esters of the compounds are also 
included in the invention. Physiologically acceptable 
counterions of the phosphate groups include inorganic and 
organic counterions. Inorganic counterions are for example 
axamonium, sodium, potassium, lithium, magnesium and calcium. 
Organic counterions are derived from non-toxic bases, such as 
primary, secondary and tertiary amines, including naturally 
occur ing amines. Examples of such amines are diethylamine, 
triethy lamina, isopropy lamina, ethanblamine, morpholine, 
2 ^diethyl aminoethanol, glucosamine, N-^methylglucamine/ 
pipeirazine and dicyclohexyiamihe. 

In clinical practice the nucleoside analogues of the formula 
I will normally be administered orally, by injection or by 
infusion in the form of a pharmaceutical preparation comprising 
the active ingredient in the form of the original compound or \ 
optionally in the form of a pharmaceutically acceptable salt 
thereof, in association with a pheurmaceutically acceptable 
carrier which may be a solid, semi-solid or liquid diluent or an 
ingestible capsule. The compound may also be used without 
carrier material. As examples of pharmaceutical preparations may 
be mentioned tablets, dragees, capsules, granulates, 
suspensions, elixirs, syrups, solutions, liposomes etc. Usually 
the active substance will comprise between 0.05 and 20 % for 
preparations intended for injection and between 10 and 90 % for 
preparations intended for oral administration. 

In the treatment of patients suffering from retrovirus, 
especially HIV, or hepatitis B virus infections, it will be 
preferred to administer the compounds by any suitable route 
including the oral, parenteral, rectal, nasal, topical and 
vaginal route. The parenteral route includes subcutaneous, 
intramuscular, intravenous and sublingual administration. The 



wo 92/06102 PCr/SE91/00653 

» 

9 

topical route includes buccal and sublingual administration. 
The dosage at which the active ingredients are administered may 
vary within a wide range and will depend on various factors 
such as the severity of the infection, the age of the patient 
etc., and may have to be individually adjusted. As a possible 
range for the amount of the compounds of the invention or a 
physiologically acceptable salt thereof to be administered per 
day may be mentioned from about 10 mg to about 10000 mg, 
preferentially 50 - 500 mg for intravenous administration and 
preferentially 50 - 3000 mg for oral administration. 

Compounds of the formulas lA and IB can cooperate 
synergistically or additively with a wide range of other 
therapeutic agents , thereby enhancing the therapeutic potential 
of both agents without adding the toxic effects, thus increasing 
the therapeutic ratio. 

Therefore, a compound of formulas lA and IB or a 
pharmaceutical ly acceptable derivative thereof can be ured in . 
'•'bbitibihation therapy, wherein the -fcwd acHv^" 'agents are present; . ; 
in a ratio resulting in an" optimal therapeutic ratio. This can 
be provided either by a synergistic effect against the viral 
; infection and/ or by a decrease in toxicity while maintaining a 
therapeutic effect which is additive or synergistic. 

The optimal therapeutic ratio is observed when the two agents 
are present in a ratio of 500:1 to 1:50Q, preferably 100:1 to 
1:100, particularly 20:1 to 1:20 and especially 10:1 to 1:10. 

Said combination may conveniently be administered together, 
for example, in a unitary pharmaceutical formulation, or 
separately for example as a combination of tablets and 
injections administered at the same time or at different times, 
in order to achieve the required therapeutic effect. 

The compounds of the formulas lA and IB are potentiated by 
interferons, other antiviral agents such as foscarnet, AZT, 
f luorothymidine, dideoxyinosine, dideoxydidehydrothymidine, 
9- [4-hydroxy-(2-hydroxymethyl) butyl] guanine, acyclovir, HIV 
protease inhibitors, immunomodulators , interferon inducers and 

growth factors. 

Particularly preferred types of interferon are a, b and q 
interferon inducers. 

Other combinations suitable for use according to the present 
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invention include those wherein the second agent is, for 
example, inter leiikin II, foscarnet esters, inhibitors of HIV 
protease such as pepstatin, steroids, medications such as 
levamisol or thymosin to increase lymphocyte numbers and/or 
function as appropriate, or G-CSF and other factors regulating 
cell functions. 

Methods of preparation 

The compounds of the invention may be prepared as outlined 
below, however, the invention is not limited to these methods. 
The compounds may also be prepared by processes described in the 
known art. 

The synthesis of lA where is OH, is H, R^ is CH2OH arid 
R^ is uracil-l-yl has been previously described in Nucleosides 
and Nucleotides, vol 1, 1982, 263-273. This derivative, suitably 
unprotected can be converted to other nucleoside derivatives by 
f;proctesses known in the art isuch as transglycosylation with ^ 
:%suitB±)ly or pyrimidiha/.ba^e^^^ by ; chemical^: 

%transf ormations of uracil... . : : : ^m: i 

C : The synthesis of methyl 2 , S-dideoxy-S-C- C^ydroxymethyl) -jS- 
•4D-erythropentafuranoside and methyl S-O-benzoyl-S-C- 
v [ (benzoyloxy) methyl] -2 , 3-dideoxy-iS-D-erythro-pentof uranoside, 
starting from D-glucose, is described in J. Med. Chem., vol. 22, 
1979, 518-525. 

This latter compound was converted to 5-0-benzoyl-3-C- 
[ (benzoyloxy) methyl ] -2 , 3 -dideoxy-D-ery thro-pent of uranosyl 
chloride which was glycosylated with silylated 2-acetamido-6- 
-chloropurine. The carbohydrate part of lA can also be prepared 
from a protected 2, 3-dideoxy-D-glycero-pent-2-enono-l,4-lactone 
through a 1,4-Michael type addition with an appropriate carbon 
nucleophile in an analogous manner as described in Carbohydr. 
Res. Vol. 183, 1988, 261-275 and J. Org. Chem., Vol. 53, 1988, 
4780-4786. 
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A compound of the formula 



Ik 



Wherein X, R^, R^, R^ and R^ are as defined in claim 1 can be 
prepared by condensing a glycoside as comprised in the formula 
to the N-1 position of a pyrimidine derivative or to the N-9 
position of a p\irine derivative. 




^ lA 



1.. iR2, 



are 



iR2.pR2 and respectively/ as defined above .or with the 



and" Br 



3, 



proviso that when or is OH then 0 must have a protecting 
group/ R*' is R* as defined above, having a silyl, acyl or alkyl 
protecting group 



A compound of the formula 




IB 



wherein X, R, R^ and R^ are as defined in claim 1, can in the 
same way be prepared by condensing a glycoside as comprised in 
the formula to the N-1 position of a pyrimidine derivative or to 
the N-9 position of a purine derivative 




. IB 
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wherein Z is CI, Br, J, acyloxy or alkyloxy and R^', R^' and 
R^' are R^ R^ and R"^ respectively as defined above or with the 
proviso that when R*^ or R^ is OH must have a protecting group, 
R^' is R^ as defined above, having a silyl, acyl or alkyl 
protecting group. 

According to a new method the compounds of the formula 




wherein X, R^, R^ and R^ jare as defined in claim 1 and Z is 
CI, Br, J, aceloxy or alkoxy, can" be prepared by reacting a 
protected butan-l,4-diol-2,3 epoxide with a nucleophile 
% containing 3 or 4 carbon atoms with, a double bond, followed by 
transforiuir)<j the double bond and ring closure. 

^^S^^ p^n..fehus, be:^syntl>esi2ed . as. pvtlinejd 

beJjow. irir Scheme 1 or as in SjCh^e. 2;t4:...^-,.. . 
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f This method is particularly useful, since by employing an 
ii' epoxide with the chirality enantiomeric to that of i, the 
L-sugars of the formula IB are also synthesized. When R® is H, 
compounds with the different functionalities of are 
selectively prepared. 

By analogous procedures the compounds wherein X is S are 
prepared. S may then be oxidized to SO and SOj. 

compounds wherein X is CHj can be prepared as follows 
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0 




9 

' " Scheme -2 • 

?§\ , The chiral epoxide 1 [ (2S, 3R) -3-[ [ {4- bpomob^ 
T methyl ]oxirane-2-inethanol] where is p-bromobenzyl and is: 
^vhydrogen can be prepared as described in J. Org;. Chem. Vol. 52V 
t:i987 , 2596-2598. R^ and/or R® may be any base stable protecting 
group such as benzyl or alkyl or a silyl protecting groups. 
Epoxide 1 can be treated with allyl magnesium bromide or an 
allyl anion equivalent to give a mixture of 2 and 3. which are . 
separated by conventional techniques such as chromatography or 
crystallization. In the case where R® is hydrogen the free 
hydroxyl in 2 is at this stage preferably protected with an acyl 
group, preferably benzoyl. Oxidative cleavage of the double bond 
and treatment of the product with anhydrous methanol containing 
a catalytic amount of acid gives 4^. 

Compound 4 may be coupled to silylated purines or 
pyrimidines using acid catalysis to give the nucleoside 
derivative as an a- and j3-mixture. In 1, when R® and R® are not 
both benzoyl, 4. is preferably converted to this derivative by 
conventional deblocking and blocking procedures. The a- and 
)3-anomeric mixture of nucleosides is preferably deprotected 
after which the a- and jS-anomers are separated by conventional 
techniques such as chromatography or crystallization, to give lA 
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as defined earlier in which and are hydroxyl and 
hydroxymethyl respectively. 

compounds of the type IB are prepared entirely analogously 
by starting with an epoxide corresponding to i but having the 
opposite chirality. 

compounds wherein X is CHj are prepared from 7 (Chem. Pharm. 
Bull. 1988, 26, 15) by protecting the ketone as a ketal and 
reducing the esters to ethers using lithium aluminium hydride 
and hydrolyzing the ketal to give 8. Reduction of the keton gave 
9 which was condensed with a suitable purine derivative. 
Deprotection gave lA. Compounds of the type IB where X is CHj 
were synthesized in the same way. 

Compounds of the type lA wherein X is 0 and R^ is CHjOH, CHjF 
or CH2N3 are prepared from (S)-4-(tgE£.-butyldiphenylsilyloxy) - 
methyl-7~butyrolactone(ll) by acylation with ethyl formate and 
reduction with sodium borohydride and acylation to give 12 after 
sepaiation using silica gel column chromatography. Reduction . 
with dlalkyleiluminiuin hydride followed by acylation gave JL3.. 
> Thii " cbi^^ suitable, nucleoside, ba^e . 

derivatives. 




OAC 



O 




lA 



13 



rIO s tert.-butyl-diphenyl-silylchloride 



Scheme 3 
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18 19 

Bz = benzoyl Bn = benzyl T = thymidine C = cytosine 
Scheme 4 

Compounds of the type lA wherein X = S are prepared from 14 
by treatment with benzyl mercaptane and stannic chloride to give 
15. Ring clostire of 15 using triphenylphosphine and 
triiodoimidazole afforded 16. A portion of compound 16 was 
condensed with silylated thymine. The rest of compound 16 was 
treated with mercuric acetate to give 1? which was condensed 
with silylated cytosine. 

The following illustrates the principle and the 
adaption of the invention^ however^ without being limited 
thereof. Temperature is given in degrees Celsius. Concentrations 
were performed under diminished pressure (1-2 kPa) at a bath 
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temperature not exceeding 40'»C. NMR spectra were measured with a 
JEOL GX-270 or FX-lOO instrument, using D2O or CDCI3 solutions. 
TMS (for CDCI3) and TSP or dioxane (for D2O) were used as 
internal standards. The shifts are reported in ppm. DV 
absorption spectra were recorded with a Perkin-Elmer Lamda 5 
spectrophotometer. TLC were performed on Merck precoated 60 F- 
254 plates. Spots were visualized by UV light and/ or charring 
with 8% sulfuric acid. Colximn chromatography was performed using 
silica gel 60 (0.040-0.063 MM, Merck). HPLC was performed on a 
prepacked steel column (250 x 25 mm) using Polygosil 60-7, C-18 
(Macherey-Nagel) . Organic phases were dried over anhydrous 
magnesium sulphate. Optical rotations were determined with a 
Perkin-Elmer 141 polar imeter. 

This inventipn can be illustrated by the following 

examples : 
J. Example 1 

|i !•» C 2 ' , 3 ' -pideoxy-3 ' -C~ (hydrpxymethyl) -^-D-erythrp- 

ipeiritof uranosyl ] -cytosine . 

- A suspension of cytosine (120 mg, 1.08 mmol) and a 

rsmall chrystal of (^4X5504 in hexamethyldisilazane (2 ml) and 
Ttrimethylchlorosilane (0.2 ml) was refluxed until a clear 
solution was obtained. The solution was concentrated in vacuo 
and co-evaporated with dry xylene. The solid residue was 
dissolved in dry CH2CI2 (2 ml) under nitrogen and methyl-5-0- 
benzoyl-3- [ (benzoyloxy) methyl] -2 , 3-dideoxy-D-erythro- 
pentofuraoside (170 mg, 0.46 mmol) was added followed by the 
addition of a t-butyl-dimethylsilyl-trif late (0.22 ml, 0.96 
mmol) . After 24 h at room temperature the reaction was quenched 
by the addition of aqueous NaHCOa (sat.) and the resulting 
mixture was stirred for 30 minutes. The solution was diluted 
with CH2CI2 and washed with NaHCOg (sat.), dried, filtered and 
concentrated to give an anomeric mixture of the protected 
nucleoside. This mixture was treated with methanolic ammonia (20 
ml, sat.) for 24 h at room temperture. After concentration, the 
residue was dissolved in water and extracted with CH2CI2. The 
aqueous phase was concentrated to a small volume and was applied 
to a semi-preparative C-18 reversed phase chromatography column 
and eluted with water containing 2% methanol. First the a-isomer 
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was collected, followed by the /3-isomer. The appropriate 
fractions were combined and evaporated to give 33 mg of the a- 
anomer (30%) and 27 mg of the j3-anomer (24%) . a-Anomer: [a]^^D; - 
54* (c 0.3, HjO); DV (HjO) X^: 272 nm (e 10894); ^H-NMR (270 
MHz, DjO): 1.92 (m, J2,a^2'b-13.5 Hz, J2-a,3'= 9 Hz, J2/a,l'=6,5 
Hz, IH, H-2'a); 2.5 (m, IH, H-3'); 2.7 (m, J2'a,2'b= ".5 HZ, 
J2'a,3' = 8H2, J2'a,l' = ^ Hz, IH H- 2'b); 3.67, 3.69 (d and q, 
overlapping, J6\3' ^ 6. 2 Hz, J5'a,5'b = 12.5 Hz, J4',5.a = 5.3 Hz, 
3H, H-6' and H-5f a) ; 3.85 (q, J5.a,5'b = 12.5 Hz, 3^.^^,^ = 3 Hz, 
IH, H-5'b); 4.28 (m, J3»,4» = 8 Hz, J4',5»a = 5.3 Hz, J4»,5.b = 3 
Hz, IH, H-4'); 6.1 (d and q, overlapping, Jg^g = 7.3 Hz, J»^2' - 
6.5 Hz, 2H,H-5 and H-1'); 7.8 (d, Jg^g = 7.3 Hz, IH, H- 6); ^^c- 
NMR (25.05 MHz, DjO) : 36.4 (C-2') ; 42i3 (C-3'); 62.7, 63.6 (C~ 
5', C-6'); 84.4, 88.2 (C-1'., C-4').; 96.6 (C-5); 141.9 (C- 

6); 158.1 (C-2) 7 166.8 (C-4) . jS-Anomer: [a]^^!,: +64" (c 0.27, 
>j HjO) ; UV (HjO) X max; 272 nm (e 9208) r ^H-NMR (270 MHz, DgO) : 
.y2.2-2.46 (m, 3H, H-2 ; H-3'); 3.68 (d, J3,,6, = 5.5 Hz, 2H, K-€'); 

" ?T5,a^.5'b. r^'i4-.2>.5 H2.,^ K-S'a) ; .3.92 • 

g3 (dd, J4,^s,b « 2.2 Hz, J5.a .5^.b: = ,12^5: HZy IH, H-5'b) ; 4.01 (m, : - 
|>?^3',4' = 8.1 HZ, J5a5,4» = 5.5 HZ, J5'b,4' 2-9 Hz, IH, H-4'); 
J 6.05 (3, . J5^s = 7.3 Hz, IH, H-5) ; 6.11 (dd, Ji.,2'a = 7.0 Hz, 
VJl';2'b = 4.0 Hz, IH, H-1'); 7.91 (d, p-g^g = 7.3 Hz, IH, H- 6); 
"C-NMR (25.05MHz, DjO) : 36.1 (C-2'); 40.8 (C-3'); 62.7, 63.1 
(C-5', C-6'); 84.7, 87.1 (C-1', C-4'); 96.5 (C- 5); 142.2 (C- 
6); 158.2 (C-2); 166.8 (C-4). 

Example 2 

9- [ 2 ' , 3 ' -Dideoxy-3 ' -C- (hydroxymethyl ) -j8-D-erythro- 
pentof luranosy 1 ] -adenosine ; and 

Example 3 

9- [ 2 ' , 3 ' -Dideoxy-3 ' -C- (hydroxymethyl) -a-D-erythro- 
pentofuranosyl] -adenosine . 

6-chloro-purine (200 mg, 1.3 mmol) was condensed with 
methyl 5-0-benzoyl-3-£ (benzoyloxy)methyl]-2,3- dideoxy-D- 
erythro-pentofuranoside (280 mg, 0.76 mmol) following the same 
procedure as described in examples 1 and 2 but using 
acetonitrile was used instead of CH2CI2 as solvent to give an 
anomeric mixture which after isolation was dissolved in 
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methanolic ammonia (5 ml) and heated at 100 in a sealed tube. 
After 20 h the solvent was removed and the residue dissolved in 
water and extracted with CHjCla- The aqueous layer was 
concentrated to a small volume and was applied to a 
semi-preparative C-18 reversed phase chromatography column and 
eluted with water containing 8 % methanol. First the a-isomer 
was eluted, followed by the /3-isomer. The appropriate fractions 
were combined and evaporated to give 20 mg of the o-anomer 
(Example 3) (10 %) and 40 mg of the j8-anomer (Example 2) (20 %) . 

a-isomer: [a]^^^: +4l«» (c 0.23, HjO) ; UV (HjO) 
260 nm (e 12864); ^H-NMR (270 MHz, DjO) : 2.45 (m, IH, H- 2'a) ; 
2.6 (m, IH, H-3') 2.82 (m, J2'b,l' = ^ '^2'h,3' = "^'^ Hz, 

J2'b 2'a = 14 H-2'b); 3.72 and 3.74 (g and d, overlapping, 

J5'b!4' = 5.5 HZ, J5'b,5'a = 12.5 Hz, Jg^S' = 5.9 Hz, 3H, H-5'b 
and H-6'); 3.86 (g, Js'&,4' = 2.9 Hz, Jg'a.S'b = 12.5 Hz, 1 H, 
>|H-5'a)? 4',3r (m, 1 H, H- 4'); 6.35 (m, IH, H-1'); 8.19 (s, IH, 
iH-S) ; 8<.32 (§, IH, H- 8) ; ^^C-NMR ■('25.05.MHZ, DgO) : 35.5 (C-2M.; • 
%A2-J [ ic^3'^) ; --iZ^S,^ 63 .3 C<=^5/v. C-6>)-; ^83., 8 ^, 85;. 3 CC-X' r ? . 

fil^'U (C-^ 5)f 140.3 (C-8); 148.9' (G-4) > i53.0 (<2-2) ; 155,5 . . , 
UC-6). " ■ ■ ' 

y /J-isomer: [a]26D: -17 (c 0.27, H2O) ; UV (HjO) X^^x^ 26t> nm 

S(e 10744.); ^H-NMR (270 MHz,'D20): 2.5 (m, IH, H-3'); 2.67 (m, 
2H, H-2'); 3.69 (g, Js'a,4' = 5.1- Hz, J5'a,5'b = 12.5 Hz, IH, 
H-5'a); 3.77 (d, J6',3' = 5.5 Hz, 2H, H-6'); 3.87 (q, J5.b,4' = 
2.9 HZ, J5'b,5'a = 12-5 HZ, IH, H-5'b)-; 4.13 (m, IH, H-4 ' ) T 6.34 
(m, IH, H-l'); 8.18 (s, IH, H-2); 8.32 (s, IH, H-8) . "c-NMR 
(25.05, MHZ DjO); 35.7 (C-2'); 41.4 (C-3'); 62.8, 63.4 
(C-5',C-6'); 85.0, 85.3 (C-1', C-4'); 119.2 (C-5) ; 140.5 (C-8) ; 
148.7 (C-4); 153.0 (C-2); 155.8 (C-6) . 

Example 4 

l-[2 ' , 3 ' -Dideoxy-3 '-C- (hydroxymethyl) -/3-D-erythro- 
pentofuranosyl] -thymine . 

Thymine (150 mg, 1.19 mmol) was condensed with methyl 
3-C-[ (benzoyloxy) methyl ] -5-0-p-bromobenzy 1-2 , 3-dideoxy-D- 
erythro-pentofuranoside (205 rag, 0.47 mmol) following the same 
procedure as described in Examples 1 and 2 to give an anomeric 
mixture of the protected nucleoside. The mixture was dissolved 
in ethanol containing NaHCOa (excess) and was hydrogenated over 
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Pd (10 % on carbon, 1 atm) for 3 hours. After workup the 
residue was further reacted with methanolic ammonia for 24 h. 
After concentration the residue was dissolved in water cmd 
extracted with CH2CI2. The aqueous layer was concentrated to a 
small volume and was subjected to semi-preparative C-IS reversed 
phase column chromatography and eluted with water containing 10 
% methanol. First the a-isomer was eluted, followed by the 
j8-isomer. The appropriate fractions were combined and 
evaporated . to give 40 mg of the a-anomer (33%) and 41 mg of 
jS-anomer (33%) . 

a-Isomer: [(x]^%: -3.6 (c 0.36, HjO) ; UV (HjO) Xmax- 
268 nm (e 13756); (270 MHz, DjO) : 1.89 (d, J = 1.1 Hz, 

3H, 5-CH3); 1.96 (m, J2'a,2b' = Hz, J2'a,3' = 9. 9 Hz, Ja'a,!' 

= 7.7 Hz, IH, H-2'a); 2.47 (m, IH, H-3'); 2.6 (m, J2'a,2'b' = 
13.2 Hz, J2'b,3' = 8,1 Hz, J2'h,i' = 6.2 Hz, IH, H-2'b) ; 3.64 and 
.^,3.68 (d and q overlapping, Js^a,*' = 5.5 Hz, Jg.a^s'b ==12.1 Hz, 
f J5',3' ^" 6.1 HZj, , 3H^ H-5^a,. H- 6.');. 3.81 Js'b,'^' = 2»9 Hz, \. 

,tJs'b;5'fe'= •2:2.;l: JiZ, H^5:'b)^;, 4r.:24£ (m., ^4:> - 8 . 4 H^ '^4',^'^ 
1^5,5. Kzi^v J4V^5,b ■- .^..9 HZr. lH./. B«-4} ; 6..ia (q-,. Ji',2'a 7.7 K2, : • 
■|^l<,2'b •" 6-2 Hz, IH, H-1'); 7.59 (d, J= 1.1 Hz, IH, H-6) ; 
|^^C~NMR (25.05 MHz, DjO) : 12.5 (5-CH3) ; 35*7 (0-2') r 42.7 • ' 

1(0-3'^) ; :62. 6, 63.5 (C-5', C-6'); 84.2, 87.3 (C-l^ C-4'); 111.6 
{C-5) ; 138.1 (C-6); 152.4 (C-2) ; 167.3 (C-4) . 

jS-Isomer: [a]26j,: +17.8 (c 0.41, HjO) > UV (H2O) X^^x^ 
268 nm (e 8516); %-NMR (270 MHz, DjO) ; 1.91 (s, 3H, 5- CH3)-; 2-. 3 
(m, 2H, H-2'); 2.5 (m, IH, H-3'); 3.69 (d, J^.^^' = 5.9 Hz, 2H, 
H-6'); 3.76 (q, Jg^b^s^a = 12.4 Hz, J5.b,4' = 5-1 Hz, IH, H-5'b) ; 
3.9 (q, J5/a,5'b = 12.4 Hz, Js'a,^' = 2.9 Hz, IH, H-5'a) ; 3.99 (m 
J4',5'a = 2.9 Hz, J4',5.b = 5.1 HZ, J4.,3. = 8.1 HZ, IH, H-4^) ; 
6.14 (q, Ji'^2'a = 4.8 Hz, Ji',2'b = 6. 6 Hz, IH, H-1'); 7.73 (d, 
J =1.1 Hz, IH, H- 6). "C-NMR (25.05 MHz, DjO) : 12.5 (5-CH3) ; 
35.4 (C-2'); 40.9 (C-3'); 62.8, 62.9 (C-5', C-6'); 84.5, 86.1 
(C-1', G- 4'); 111.7 (C-5); 138.3 (C-6); 152.7 (C-2) ; 167.5 
(C-4) . 

Analogously the corresponding nucleoside analogs of 
the formula IB, having the L-conf iguration, were synthesized in 
examples 5-10. The synthetic strategy was identical to that one 
outlined in scheme 1 and described in the detail for the 
preparation of Examples 1-4 and their starting materials. For 
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Examples 5-10, the starting material corresponding to formula 
X of scheme 1 was: 

(2R/3S)-3-[ [ ( 4 -bromobenzyl)oxy]methyl]oxirane-2 -methanol. 
Example 5 

1- [ 2 ' , 3 ' -Dideoxy-3 ' -C- (hydroxymethyl) -jS-L-erythro- 
pentofuranosyl]-cytosine; and 

Example 6 

1- [ 2 ' , 3 ' -Dideoxy-3 ' -C- (hydroxymethyl) -a-L-erythro- 
pent o f ur anosy 1 ] -cy tos ine . 

The a-anomer had W^^^i +57, 3» (c 0.61, H2O) ; UV (HjO) X^a^- 
273 nm (e 7647); ^H-NMR (270 MHz, DjO) : 1.92 (m, J2/a,2'b=13 .5 Hz, 
J2'a,3'= 9 HZ, J2,a,l'=6.5 Hz, IH, H-2'a); 2.5 (m, IH, H-3'); 2.7 
(m, 'j2'a,2'b= 13-5 J2'a,3' = 8^2, Jz'a,!' = ^ Hz , IH H- 2'b); 

3^67, 3.69 (d and dd, overlapping, ^$',3' = 6.2 Hz, J5.a,5'b 
'••i^.^ 'kz;-'J4»'5>a -'-5.3 Hz, 3H,' H-6' and H-5'a) ; 3.85 (dd, J5.a,5:'b 
=%2^5 Hz,. 04,;5.b 3 iHi%-5'b)-; 4l^2S Cm:v - 8 HZ/ .. 

.jlv'sra^' ^^ 3.^Hz, -lH/ H-4')? '6.1 ^Cd and t, ' 

overlapping, Jg^s = 7.3 Hz, J, ,2' =6.5 Hz, 2H, H-5 and H-1'); 7.8 
(i, Jg 6 = 7.3 Hz, IH, H-6) ; "c-NMR (25.05 MHz, DgO) : 36.4 (C- 
2'y; 42.3 (C-3>); 62.7, 63.6 (C-5', C-6'); 84.4, 88.2 (C-1' , C- 
4'); 96.6 (C-5); 141.9 (C-6) ; 158.1 (C-2) ; 166.8 (C-4) . ^- 
Anomer: [aJo": -76.3«» (c 1.14 HjO) ; UV (HgO) X max: 273 nm (e 
5333); ^H-NMR (270 MHz, DjO) : 2.2-2.46 (m, 3H, H-2; H-3'); 3.68 
(d, J3,,6' = 5.5 HZ, 2H, H-6'); 3.76 (dd, J4»,5'a = 5.5 HZ, 
J5'a,5'b'= 12.5 HZ, IH, H-5'a); 3.92 (dd, J4',S'b = 2.9 HZ, Js.a,5'b 
= 12.5 HZ, IH, H-5'b); 4.01 (m, ^2' = ^'^ "2, J5a',4' = 5.5 Hz, 
J5'b,4' = 2.9 HZ, IH, H-4'); 6.05 (3, Jg^g = 7.3 HZ, IH, H-5); 
6.11 (dd, Ji.,2'a = 7.0 HZ, Ji.,2'b = ^-O HZ , IH, H-1'); 7.91 (d, 
J5 6 = 7.3 HZ,' IH, H- 6); "c-NMR (25.05 MHz, DjO) : 36.1 (C-2'); 
4o'.8' (C-3'); 62.7, 63.1 (C-5', C-6'); 84.7, 87.1 (C-1', C-4'); 
96.5 (C- 5); 142.2 (C-6); 158.2 (C-2); 166.8 (C-4). 

Example 7 

9- [2 ' , 3 ' -Dideoxy-3 ' -C- (hydroxymethyl) -jS-L-erythro- 
pentofur anosy 1 ] -adenos ine ; and 
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Example 8 

9- [ 2 ' , 3 ' -Dideoxy-3 ' -C- (hydroxymethyl) -o-L-erythro- 
pentof uranosyl ] -adenosine 

The a-anomer: [aJu": -45.,2'» (c 0.37, HjO) ; DV (HjO) X^^x- 260 nm 
(e 10987); ^H-NMR (270 MHz, DjO) : 2.45 (m, IH, H- 2'a) ; 2.6 (m, 
IH, H-3') 2.82 (m, Jz'b,!' = ^ Hz, J2'b,3' = 7.8 Hz, J2»b,2'a = 14 
Hz, IH, H-2'b); 3.72 and 3.74 (dd and d, overlapping, Js'^^^i' = 
5.5 Hz, J5'b,5'a = 12.5 Hz, J6',3' = 5.9 Hz, 3H, H-^5'b and H-6'); 
3.86 (q, J5'a,4' = 2.9 Hz, J5.a,5'b = 12.5 Hz, 1 H, H-5'a) ; 4.31 
(in, 1 H, H- 4'); 6.35 (m, IH, H-1'); 8.19 (s,. IH, H-2) ; 8.32 (s, 
IH, H- 8); "C-NMR (25.05 MHz, D2O) : 35.5 (C-2'); 42.3 (C-3'); 
62.5, 63.3 (C-5', C-6'); 83.8, 85.3 (C-1' , C-4'); 119.4 (C- 5) ; 
140.3 (C-8); 148.9 (C-4); 153.0 (C-2)-; 155.9 (C-6). 
THe jS-anomer: [ajro" +22.5" (c 0.44, HjO) ; uv (HjO) 260 nm 

(e 11482); Ifl-NMR (270 MHz, DjO) : 2.5 (m, IH, H-3'>; 2.67 (m, 
,^H, H-2') ; 3.69 (dd, . 0^5,3,4/ =- S'l Hz, J5,a,5'b = 12.5 Hz, IH, 
f^II-S'a); 3.77 id, J^,^^ '^ 5^5 HZf 2H,: ^'6/y3.B7, (dd> Js,!,^^, = 
■0,9^.ljLZr J^'b^Sfa'r ^:<'^ ^^f: W'f'^'^5^^.J:^.13 (m,^ JH, H-4'); 6.34 
IK, Hr-1^) ; 8.18; J(s, IK,;; ;:;8,32 ; (s> IHi HrS) . "^.^MR ^ 

^1(25.05 MHz DjO) ; 35.7 (C-2/') ; 41.4 (C-3'.) 7. 62.8, 63.4 (C-5' and 
;p-6'); 85.0, 85.3 (C-l'and C-4') ; 119.2 (C-5); 140.5 (C-8); 
^48. 7 (C-4); 153.0 , (C-2) ; 155,8 (C-6). 

Example 9 

1- [ 2 ' , 3 ' -Dideoxy-3 ' -C- (hydroxymethyl ) -jS-L-erythro- 
pentofuranosyl] -thymine and 

Example 10 

1- [ 2 ' , 3 ' -Dideoxy-3 ' -C- (hydroxymethyl ) -a-L-erythro- 
pentof xiranosy 1 ] -thymine 

The o-anomer had. [ajj,". +3,30 o.48, H2O) ; uv (H2O) X^^x^ 
268 nm (e 7976); ifl-NMR (270 MHz, DjO) : 1.89 (d, J = 1.1 Hz , 
3H, 5-CH3) ; 1.96 (m,J2,a,2'b=13«2 Hz, J2'a,3'= 9-9 Hz, J2/a,l'=7,7 
Hz, IH, H-2'a); 2.47 (m, IH, H-3'); 2.6 (m, J2'a,2'b= 13.2 Hz, 
J2'b,3' = 8.1 Hz, J2'b,l' = 6.2 Hz, IH H- 2'b); 3.64, 3.68 (d and 
dd, overlapping, Js',a' = 5-5 Hz, J5/a,5'b = 12-1 Hz, Jq. = ^'l 
Hz, 3H, H-6'a and H-6'); 3.81 (dd, J5,b,5' = 2.9 Hz, Js.b,5'a = 
12.1 Hz, H-5'b); 4.24 (m, ,4' = 8.4 Hz, J4.,5.a = 5-5 Hz, 
J4',S'b = 2.9 Hz, IH, H-4); 6.11 (dd, Ji.,2'a = 7. 7 Hz, J'i,2'b = 
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6.2 H2, IH, H-1); 7.59 (d, J « 1.1 Hz, IH, H-6) ; "c-NMR (25.05 
MHZ, D2O): 12.5 (5-CH3) 35.7 0-2'); 42.7, (C-3') 62.6, 63.5 (C- 
5'and C-6'); 84.2, 87.3 (C-1' and C-4'); 111.6 (C-5) ; 138.1 (C- 
6); 152.4 (C-2); 167.3 (C-4). 

The j8-anomer: [a]jj": -21. 2*' (c 0.32 HjO) ; X max: 268 rm (e 
8123); ^H-NMR (270 MHz, DjO) : 1.91 (s, 3H, 5-CH3) ; 

2.3 (m, 2H, H-2'); 2.5 (m, = IH, H-3'); 3.69 (d, J3»,6' = 5.9 Hz, 
2H, H-&'); 3.76 (dd, J.5b,5'a = 12.4 HZ, J^.^^^^ = 5.1 HZ, IH, H- 
5'b) ; 3.9 (dd, J5'a,5'b = 12.4 HZ, J5a',4' = 2.9 Hz, IH, Hg^a); = 
3.99 (m, J^.^s'a = 2.9 HZ, (J4.,5.b = 5.1 HZ, J4. ,2' = ^.1 Hz, IH, 
H-4); 6.14 (dd, Ji',2'a = 4.8 Hz, Ji.,2'b = 6. 6 Hz, IH, H-1); 7.73 
(d, J = 1.1 Hz IH, H-6). "C-NMR (25.05 MHZ, D2O) : 12.5 (5-CH3) , 
35.4 (C-2'); 40.9 (C-3'),' 62.8, 62.9 (C-5< and C-6'); 84.5, 86.1 
(C-l'and C-4'); 111.7 (C-5) ; 138.3 (C-6) ; 152.7 (C-2); 167.5 . 
(C-4). 

4 General procedure for the silylations used in Examples 

lirl6 . A suspension consisting of the base . ( 1: mmol) and a. ?majLl • 
i c]cystar 'of ammonium .sulfate ,in a mixture-. of h#xamethyldisilazape. 
(^iai)' and trimethylchlorosilanev(0.:2 ml) Was: reflu^ced until a; , 
ciiar solution was obtained. Volatile matters were evapotated , 
otf, and the residue was repeatedly coevaporated with added 
xylene, 

EXAMPLE 11 

l-[2' ,3'^-Dideoxy-3'-C-(fluoroinethyl)-a- and fi-D- 

erythr o-pentof ur anosy 1 ] -thymine . 

Thymine (150 mg, 1.19 mmol) was silylated according to 
the general procedure and dissolved in lichloromethane (5 ml) 
under nitrogen. To this solution was added methyl 5-0-ben2oyl-3- 
C-(f luoromethyl)-2,3-dideoxy-D-erythro-pentofuranoside (200 mg, 
0.75 mmol) followed by tert-butyldimethylsilyl triflate (0.3 ml, 
1.31 mmol). The solution was stirred for 24 hours at room 
temperature, after which the reaction was quenched by the 
addition of aqueous sodium hydrogen carbonate, stirred for 30 
min, diluted with dichloromethane, washed with aqueous sodium 
hydrogen carbonate, dried, and concentrated to give an anomeric 
mixture of the protected nucleosides. The mixture was treated 
with methanolic ammonia (20 ml, saturated) for 24 h at room 
temperature. After concentration to dryness, the residue was 
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dissolved in water and washed with dichloromethane. The aqueous 
layer was concentrated to a small volume and the mixture was 
separated by column chromatography (ethyl acetate-methanol 
20:1). The 6-anomer was eluted first followed by the a-anomer. 
The appropriate fractions were combined and evaporated to give 
the title compounds, a (70 mg, 36 %} and B (54 mg, 28 %) . a: 
[a]22jj -13. 1» (c 0.82, HjO); UV (HjO) 268 nm (e 9268); NMR 

(270 MHz, DgO) 8 2.92 (5-CH3) , 2.06 (H-2'a) , 2.60-2.82 (m, 
H-2'b and H-3'), 3.68 (dd, H-5'a), 3.85 (dd, H-5'b) , 4.38 (m, 
H-4), 4.46-4.75 (2 m, H-6'a-b) , 6.15 (t, H-1'), 7.60 (d, H-6) . 
Anal. Calcd. for CiiHi504N2F: C, 51.16; H, 5.85; N, 10.85. Found: 
C, 50.91; H, 5.78; N, 10.85. 6: W^^^ +16.3" (c 0.6, HjO) ; UV 
\nax 268 nm (€ 8880); % NMR (270 MHz, DjO) S 1.91 (d, 5- 
CH3), 2.3 (m, H-2')/ 2.73 (m, H-3')/ 3.78 (dd, H-5'a) , 3.94 (dd, 
J4',5'b 2.9 Hz, H-5'b), 4.1 (m, H-4), 4.44-4.73 (2 m, H-6'a,b) , 

6.15 .(dd> H-1 ').,•,. 7. 77 (d, J = 1.1 Hz, H-6) . Anal. Calcd for 

■ -jfv . ... 

- CiiHi504N2^.:..c^, :51il6,* H, 5.85; JJ,. 10.8^. Found: C, 51.10; H, 

EX;^LE.12- ; . . 

h i 1- E2 ' , 3 ' -Dideoxy-3 ' -C- ( f luoromethyi ) -a-and-B-D-erythro- 

pentof ur anosy 1 ] cytosine . 

Cytosine (200 mg, 1.8 mmol) was silylated according to 
the general procedure and the synthesis was preceded as 
described above to give the title compounds a (38 mg, 38 %) and 
B (26 mg, 26 %) . a: [0]"^^ -53.70 o.94, H2O) ; UV (HjO) X^^x 272 
nm (e 7762); % NMR (270 MHz, D2O) S 1.98 (m, H-2'a), 2.58-2.80 
(m, H-2'b and H-3'), 3.68 (H-5'a), 3.85 (dd, H-5'b) , 4.37 (m, H- 
4), 4.39-4.72 (2 m, H-6'a,b) , 6.04 (d, H-5) , 6.12 (t, H-1'), 
7.70 (d, H-6). Anal. Calcd. for C10H14O3N3F: C, 49.38; H, 5.80. 
Found: C; H. B [a]"^ +44. s- (c 0.6, HjO) ; UV (H2O) X„ax 272 nm (e 
8515) ; ^H NMR (270 MHz, DjO) 5 2.23 (m, H-2'a) , 2.39 (m, J2'b,3' = 
8.5 Hz, H-2'b), 2.65 (m, H-3'), 3.77 (dd, H-5'a) , 3.93 (dd, H- 
5'b), 4.11 (m, H-4), 4.43-4.73 (two m, H-6'a,b) , 6.03 (d, H-5); 
6.10 (dd, H-1'), 7.93 (d, H-6). Anal. Calcd. for C10H14O3N3F: C, 
49,38; H, 5.80. Found: C; H. 
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KyAMPLE 13 

9- [ 2 ' , 3 ' -Dideoxy-3 ' -C- ( f luoromethyl ) -a-and-B-D-ery thro- 
pentofuranosyl] adenine. 6-Chloropurine (120 mg, 0.78 mmol) was 
silylated according to the general procedure and the synthesis 
was proceeded as described above to give the title compounds a 
(25 mg, 26 %) and 6 (37 mg, 39 %) . ot: [af\ 35. 2« (c 0.71, HjO) ; 
UV (HjO) \nax 260 nm (€ 10239); NMR (270 MHz, DjO) 5 2.5 (m, H- 
2'a), 2.70-2.95 (m, H-2'b and H-3'), 3.73 (dd, H-5'a) , 3.88 (dd, 
H-5'b), 4.40 (m, H-4), 4.52-4.78 (2 m, J3',6'b = ^^'^ ^2, H-6'a- 
b), 6.34 (t, H-1'), 8.15 (s, H-2), 8.29 (s, H-8) . Anal. Calcd. 
for C11H14O2N5F: C, 49.43; H, 5.28. Found: C; H. B: [o]"^ -24.3" 
(c 0.9, H2O); UV (H2O) X„ax 260 nm (6 10364); NMR (270 MHZ, 
DjO) S 2.47-2.48 (2 in, H-2'a,b), 2.85 (m, H-3 ' ) , 3.69 (dd, H- 
5'a), 3.87 (dd, H-5'b), 4.21 (m, H-4), 4.51-4.78 (2 m, H-6'a,b), 
6.24 (dd, H-1'), 8.04 (s, H-2), 8.25 (s, H-8). Anal. Calcd. for 
CiLiHi4QgN5F: C, 49.43; H, 5.28. Found: C, ; K, . 

EXAtfpLE 14 i ' .•.-.■•:;->•..•.. .-. r,..^. 

; •• i-[2 ' , 3 '-Dideoxy-3 ''"C-^ (azidoinethyl). -a-and-6rD-erythro- 

pehtof uranosy 1 ] -thymine . 

Thymine (133 mg, 1.06 mmol) was silylated according to 
the general procedure and dissolved in dichloromethane (5 ml) 
under nitrogen. To this solution was added methyl 3-C- 
(azidomethyl) -5-0- (benzoyl) -2 ' , 3 ' -dideoxy-D-erythro- 
pentofuranoside (154 mg, 0.53 mmol) followed by tert- 
butyldimethylsilyl triflate (0.25 ml, 1.09 mmol). The solution 
was stirred for 24 hours at room temperature, after which the 
reaction was quenched by the addition of aqueous sodium hydrogen 
carbonate, stirred for 30 min, diluted with dichloromethane, 
washed with aqueous sodium hydrogen carbonate, dried, and 
concentrated to give an anomeric mixture of the protected 
nucleosides. The mixture was treated with methanolic ammonia (20 
ml, saturated) for 24 h at room temperature. After concentration 
to dryness, the residue was dissolved in water and washed with 
dichloromethane. The aqueous layer was concentrated to a small 
volume and freeze dried to give 110 mg (0.39 mmol, 74 %) of an 
anomeric mixture of the deblocked nucleosides. The mixture was 
dissolved in a mixture of N,N-dimethylf ormamid and imidazole (53 
mg, 0.78 mmol) followed by the addition of tert-butyldimethyl- 
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silyl chloride (70 mg, 0.46 amol) , and the solution was stirred 
for 3 h at room temperature. Water (1 ml) was added, and the 
mixture was stirred for 10 min, diluted with dichloromethane, 
washed with 1 M hydrogen chloride, saturated aqueous hydrogen 
carbonate, dried, and concentrated. The anomers were separated 
by colximn chromatography (hexane^-ethyl acetate 1:1), the 
anomer was eluted first followed by the 6-anomer. Each of the 
anomers was separately treated with tetrabutyl-ammonium fluoride 
(70 mg, 0.22 mmol) in tetrahydrofuran (2 ml) for 24 h, 
concentrated, the residue dissolved in water, and washed with . 
dichloromethane. The aqueous layer was concentrated to a small * 
volume and purified by HPLC (water-methanol, 80:20, v/v) to give 
the title compounds a (43 mg, 29 %) and B (44 mg, 30 %) . a: 

+3.1'> (c 1.45, H2O); DV (H2O) Xjjjax 268 nm (e 9155); NMR 
(270 MHz, D2O) S 1.92 (s, 5-CH3) , 2.02 (m, H-2'a), 2.50-2.74 (2 
.^m,^,H-2^b and H-3'), 3.54 and 3.58 (2 dd,^ H-6'a,b) , 3 . 67 (dd, H- 
V5'a), 3.85 (dd, H-5<b) , 4^25 (m, J4r^5,a 5.1 Hz, H-4), 6,12 
.|(dc|, HrlX> 7.60: (d, H-6) . Anal. Calcd; for C3;3;Hi^^^^ C, 51.16? 
^>:|^.85. Found:. C. ? H, . B [aj^^^ 12.&«^;;-Xc.a*^a^, :H20) 7 UV (H2O) ^■ 
Sjaak 268 nm (e 9434) ; ^H NMR (270 MHz, DjO) S 1.91 (s, 5-CH3) , 
§.34 (dd, H-2') , 2.59 (m, H-3'), 3.47-3.61 (2 dd, H-6^a,b), 3.78 
gdd, H-5'a), 3.94 (dd, H-5'b) , 3.98 (m, H-4) , 6.1 (t, H-1) , 7.76 
(s, IH, H-6) . Anal. Calcd. for C11H15O4N5: C, 46.97; H, 5.38. 
Pound: c, ; H, . 

EXAMPLE 15 

1- [ 2 ' , 3 ' -Didepxy-3 ' -C- (azidpmethyl) -a-and-S-D-erythro- 
pentof uranosyl J cytosine . 

Cytosine (250 mg, 2.25 mmol) was silylated according to 
the general procedure and the synthesis was proceeded as above 
to give the title compounds a (84 mg, 43 %) and 6 (45 mg, 23 %) . 
a: W^^D -46.1° (c 1.15, HjO); UV (HjO) X^^x 272 nm (e 8320) ; 
NMR (270MHz, DjO) S 1.96 (m, H-2'a), 2.56 (m, H-3'), 2.74 (m, H- 
2'b), 3.46-3.58 (2 dd, H-6'a,b) , 3.68 (dd, H-5'a) , 3.85 (dd, H- 
5'b), 4.25 (m, H-5), 6.09 (t, H-1), 7.79 (d, H-6). Anal. Calcd. 
for C10H14O3N6: C, 45.10; H, 5.30; N, 31.57. Found: C, 44.87; H, 
5.13; N, 31.37. & [a]22jj 55.0° (c 0.99, H20) ; UV (H2O) X^^x 272 nm 
(e 8209); NMR (270 MHz, DjO) 6 2.22-2.58 (m, H-2 ' and H-3 ' ) , 
3.48-3.61 (2 dd, H-6'), 3.79 (dd, H-5'a) , 3.94 (dd, H-5'b) , 4.0 
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(m, H-4'), 6.04 (d, H-5) , 6.11 (dd, H-1'), 7.93 (d, H-6) . Anal. 

Calcd. for C10H14O3N6: C, 45.10; H, 5.30. Found: C,; H, . 

9- [ 2 ' , 3 ' -Dideoxy-3 ' -C- ( az idomethyl ) -a and 

fi_D-erythro-pentof uranosy 1 ] -adenine . 

6-chloroptirine (360 mg, 2.33 nmol) was silylated 
according to the general procedure and the synthesis was 
proceeded as above to give the title compounds a (38 ng, 17 %) 
and S (39 mg, 17 %) . An smalytical sample of each of the anomers 
was obtained by HPLC purification (water-methanol , 70:30, v/v) . 
a: [a]"D +58. 3» (c 1.0, H2O) ; UV (HjO) X^^x 260 nm (e 9353); 
MNR 270 MHz, D2O) S 2.43 (m, H-2'a) , 2.67 (m, H-3'), 2.84 
(m,H-2'b), 3.61 (d, H-6'), 3.73 (dd, H-5'a) , 3.88 (dd,h-5'a) , 
4.28 (m, H-4'), 6.28 (t, H-1'), 8.11 (s, H-2) , 8.28 (s, H-8) . 
Anal. Calcd for CiiHi402N8: C, 45.51; Gm 4.86; N, 38.61. Fovmd: 
. C, %5.3l;. Gm 4.80;^'N, 38.30. B. [Qr.]??i,^27.6«' (C 1.05, H2O; TJV ■ 

vH^2|k):>; 2.75: (mi Hr^2rto, H-3')> 3.61- (dd, HtS'-'a) , ;3.64 {d^, , J^^^.^ 
= 6i2 HZ, H-6'b), 3.71 (dd, H-5'a, 3 .88 (dd, H^5'b) , 4.12 (m, . 
H-4'), 6.36 (dd, and 3.0 Hz, H-1'), 8.19 (S, H-2), 8.33 (s, 
H-8) . Anal. Calcd for C-^-fi-^jfi2'^B- C, 45.51; H, 4.86; N, 38.61. , 
Foxind: C, 45.28; H, 4.97; N, 38.36. 

Example 17 

9- [ 3S, 4S) -3 , 4-di (hydroxymethyl ) cyclopentyl ] -guanosine 
To a white suspension of PPhs (528 mg, 2.0 mmol) and 2-NH2-6-CI- 
purin (342 mg, 2.0 mmol in dry THF (14 ml) at room temperature 
under nitrogen, was ad i DEAD (Diethylazodicarbpxylate) (0.33 
ml, 2.3 mmol) and the yellowish suspension was stirred for an 
additional 4 h. 3,4-dibenzoyloxymethyl-cyclopentanol (200 mg, 
0.57 imnol) in dry THF (5 ml) was added, and the mixture was 
stirred for an additional 30 min. The solvent was evaporated and 
the crude residue was purified by silica gel column 
chromatography (toluene-ethyl acetate, 1:1). The crude product 
was dissolved in MeOH (2 ml), aqeous NaOH(lM, 2ml) was added 
dropwise, and the mixtxire was stirred at 80*C for 4 h. After 
cooling, the reaction mixture was 
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neutralized with aqeous HCl (2M) , the aqeous phase was extracted 
several times with THF-Ethylacetate (1:1) and the solvents were 
evaporated. The crude product was purified by silica gel column 
chromatography (chloroform-methanol, 6:1). Recrystallisation 
from water afforded the title compound in a yield of 57 g (36%) . 

Example 18 

1- ( 2 , 3 ' -Dideoxy-2 ' -C-hydroxymethy l-B-D-erythro- 
pentof uranosyl) --thymine 

A mixture of thymine (253 mg, 2.01 mmol) , 
chlorotrimethylsilane f0.300 ml) and some crystals of (NH4)2S04 
in hexamethyldisilazane (4 ml) was refluxed under nitrogen for 6 
h* The clear solution was concentrated and residual volatiles 
were co-evaporated with added toluene (5 ml) . The residue was 
dissolved in a mixture of dichloromethane-acetonitrile (9:1, 10 
ml) and a solution of 2-C-acetdxymethyl-l-O-acety 1-5-0- (tert- 
, buty.ldiphenyl) silyl-D-erythro-pentof u^ (630 mg, 1.34 mmol) 

i iri/tthe, sapse: solvent mixture - gibpve (5 ^ ml) was added. The v : ; . 
soiLution^ was^ jcooled ic^ bath; and tert -buty Idimethyls i ly 1- . 

tr if late (0.370 ml, 1.16 mmol) was added dropwise. The mixture 
' was stirred for 30 min on an ice bath followed by 15 h at room 
temperature. Pyridine (2 ml) was added and the mixture was 
filtered through a pad of silica gel. The filtrate was 
concentrated and the residue pxlrif ied by column chromatography 
(toluene-acetone 1:1) to yield l-(2'^-c-acetoxymethyl-5'-0-tert- 
butyldiphenylsilyl-2 3 ' -dideoxy-B--D-erytro-pentof uranosyl) - 
thymine. 100 mg, 0.186 mmol of this material was dissolved in 1 
M tetrabutylammonium fluoride x 3 H2O in THF (9 ml) and stirred 
for 20 min at room temperature. The solution was concentrated 
and the residue purified by column chromatography (toluene- 
acetone l:l) . The product was dissolved in methanol (4 ml) and 
methanol saturated with ammonia (2 ml) was added. The solution 
was stirred over night, concentrated and the residue purified by 
column chromatography (chlorof orm-methanol 9:1) yielding the 
title compound (38 mg) : [a]^ +9.1° (c 0.70, H2O) : "c. NMR (D2O, 
AO^C) 12.3 (CH3, thymine), 29.2 (C-3'), 46.7 (C-2'), 62.4, 63.8 
(C-5', C-6'), 81.0 (C-4'), 88.8 (C-1'), 112.2 (C-5, 138.6 (C-6) , 
152.5 (C-4), 167.2); NMR (D2O, 40^C) 1.90 (s, 3H, CH3, 
thymine), 2.09 (m, 2H, H-3', H-3''), 2.64 (m, IH, H-2'),3.76 (m. 
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4H, H-5'/, H-6', H-6"), 4.31 (m, H-4'), 5.93 (d, J=5.13 

HZ, / H-1')/ 7.68 (s, IH, H-6) . 

Anal. Calcd. for CnHigOsNj: C, 51.56; H, 6.29; 10. 
93. Found: C, 51.28; H, 6.11; N, 10.71. 

EXAMPLE 19 

1- ( 2 ' , 3 ' -Dideoxy-2 ' -c-hydroxymethy 1-B-D-erythro- 
pentofuranosyl) cytosine was synthesizied analogous to Example 12 
using cytosine instead of thymine yielding (41 mg) : [a]^ + 31.2" 
(C 1.20, H2O): "C NMR (D2O, 40«>C) 29.2 (C-3')/ 47.6 (C-2')* 
62.5, 64.0 (C-5'^ C-6') , 81.2 (C-4')r 89.8 (C-1'), 96.8 (C-5) , 
142.6 (C-6) . 158.3 (C-4) , 166.9 (C-2) ; ^HNMR (D2O, 40»C) 2.04 
(m, 2H, H-3', H-3"), 2.55 (m, IH, H-2'), 3.77 (m, 4H, H-5"' , H- 
5", H-6', H-6"), 4.33 (m, IH, H-4')/ 5.91 (d, J=4.77 HZ, IH,. 
H-1'), 6.05 (d, J= 7.32 HZ, IH, H-5), 7.85 (d, J= 7.32 Hz, IH, 
H-6) . ' . 

• Anal. Calcd. for GioHi504N3 X"H20: C, 46.33; H, 6.;61; N 

Found 46-;4l; a^^- 6.31;"-N:y-^-l6-,-r6i--: v.. . . 

EXAMPLE 20 

s 2 ' , 3 ' -Dideoxy-2 ' -C-hydroxymethyladenosine was 

synthesized analogous to Example 12 using adenine instead of 
thymine yielding (20 mg) : [a]j^ -10.3" (c 0.20, HjO) : UV (H2O) 

7max 260 nm; "c NMR (D2O, 40«'C) 29.4 (C-3'), 46.8 (C-2'), 62.2, 
(C-5', C-6'), 81.4 (C-4'), 88.3 (C-1'), 141.2-169-4 (5ArC) ; ^H 
NMR (D2O, 40»C) 2.21 (m, 2H, H-3', H-3"), 3.06 (m, IH, H-2'), 
3.76 (m, 4H, H-5", H-6', H-6"), 4.45 (m, IH, H-4'), 6.07 (d, 
J= 5.32 Hz, IH, H-1'), 8.15, 8.30 (s, S, 2H, H-2, H-8) . 

Anal. Calcd. for C11H15O3N5: C, 49.81; H, .5.70; N, 
26.40. Found: C, 50.01; H, 5.54; N, 26.35. 

EXAMPLE 21 

1- (2 ' -C-Azidomethyl-2 ' , 3 ' -dideoxy-j8-D-erytro- 
pentofuranosyl) -thymine. 

A solution l-(2'-C-acetoxymethyl-5'-0-tert- 
butyldiphenyl-2 ' , 4 ' -dideoxy-/3-D-erytro-pentof uransyl) thymine 
(440 mg, 0.820 mmol) in methanol saturated with ammonia (15 ml) 
was stirred over night. The mixture was concentrated and the 
residue purified by column chromatography (toluene-acetone 1:1). 
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The residue (170 mg, 344 mmol) was dissolved in pyridine (5 ml) 
and methanesulfonyl chloride (0.030 ml, 379 mmol) was added. 
After 1 h at room temperature, the solution was concentrated and 
the residue co-evaporated with added toluene. The residue was 
purified by column chromatogrphy (toluene-acetone 2:1) yielding 
1- ( 5 ' -O-tert-butyldiphenylsilyl-2 ' -C-methanesulf onylmethyl- 
2' ,3'-dideoxy-i8-D-erythro-pentofuranosyl)thymine which was 
dissolved in DMF (2 ml). Sodium azide (72 mg, 1.11 mmol) was 
added and. the resulting suspension was stirred at 60*^0 for 3 h. 
The mixtiire was concentrated and purified by column 
chromatography (toluene-acetone 2:1) (151 mg) (IR(CHCl3) 2100 cm" 
^) , which was dissolved in 1 M tetrabutylammonium fluoride x 3 
H2O in THF (10 ml) at room temperature. After 10 min, the mixture 
was concentrated and the. residue purified by column 
chromatography (toluene-acetone 1:1) yielding the title compound 
(72 mg). [a] D -31.3** (c 0.76, CHCI3) : IR (CHCl^) 2100 cm-1 
. (azide) ? "c. NMR (CPCI3) 12 . 5, (CH3, .thymine| , 29 . 6 (C-3 M , 44 . 5 / 
.Y^^r^;.. 52.0 ; (C-6f ) , :^3 ,9 (0-5.^).^, 79,8-/^^^^ 89, 0 (C-1' ), lll^O-, 

<C||5J.,13S^S (C-6), 150.9 (C-4),. 164.4 (C-2X; % NMR (000X3) ^ • 
1,89 (s,3H, CH3, thymine), 1.96 (m, IH, H-3')f 2.28 (m, IH, ' 
3 '4), 2.61 (m, IH, H-2'), 3.53, 3.82 (m, m, 4H, H-5', H-5", 
6'i H-6''), 4.29 (m, Ih, H-4') 5.81 (d, J=5.50 Hz, IH, Hi'.- 7.56 
(s, IR, H-6), 9.90 (s, IH, H-3) , ; 

Anal. Calcd. for C11H15O4N5: C, 46.97; H, 5.38; N, 
24.90. Found: C, 46.83; H, 5.21; N, 24.71. 

EXAMPLE 22 

2 ' -C-Azidomethyl-2 ' , 3 ' -dideoxycytidine 
A solution of 2'-C-acetoxymethyl-5'-0-tert- 
butyldiphenyl-2' ,3'-dideoxy-cytidine . (260 mg, 0.489 mmol) in 
methanol saturated with ammonia (10 ml) was stirred over night 
at room temperature. The mixtxire was concentrated and the 
residue pxirified by column chromatography (chlorof orm-methanol 
9:1) to give 395 mg of the de-o-acetylated cytidine analogue. To 
a stirred solution of this material (100 mg, 0.208 mmol) in 
pyridine (3 ml) was added methanesulfonyl chloride (0.020 ml, 
0.250 mmol). After 1 h the solution was concentrated and the 
residue was coevaporated with added toluene. The residue was 
purified by column chromatography (chlorof orm-methanol 9:1) (110 
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mg) "C NMR (CDCI3) 3 (CH3) , 69.7 (C-6'); NMR (CDCI3) 

3.08 (S, 3H, CH3), 4.50 (d, J=4.21 HZ, 2H, H-6")'. 100 Itig, 

0.179 mmol of this compound was dissolved in DMF (2 ml) and 
sodium azide (41 mg, 0.628 mmol) was added. The resulting 
suspension was stirred at 60 for 3.5 h. The mixture was 
concentrated and the residue purified by column chromatography 
(toluene-acetone 2:1) (84 mg) , (IR(CHCl3) 2100 cm-1) this ^ras 
dissolved in IM tetrabutylammonium fluoride x 3 H20 in THr (4 
ml) at room temperature. After 15 min, the mixture was 
concentrated and the residue purified by column chromatography 
(chloroform-methanol 5:1) and then HPLC (reversed phase, 
methanol-water 85:15) yielding the title compound (36 mg) : [a] D 
+54.4^ (c 0.95, H2O) : IR(CHCl2) 2100 cm"^, (azide) : "c NMR (DjO, 
40 °C) 29.9 (C-3')/ 44.9 (C-2'), 52.6 (C-6', 64.0 (C-5'), 80.8 
(C-4'), 90.0 (C-1')/ 97.1 C-5), 142.6 (C-6), 158.3 (C-4) , 166.9 
(C-2);. NMR (DjO, 40 °C) 2.03 (m, 2H, H-3 ' , H-3")f 2.61 (m, 
y^y-k-zny'^'S^ (Hi, '2H, H-6/, H-6''), 3.75 (m, 2H, H-5' , H-5 " ).,; 

'• 4^'353 ■ ■ (mi in;-' H-4 ' y r '^5^92 (d, d^- 5^56 "ez, iH>: h-i' )^,. e ^05 (&-, ■ :■. 

' J^izHk, 'ik^'H-S) ) 7^82 (d/ •i=7:32r Hz/ iH, H-6) . 

Anal. Calcd. for C10H14O3N6? 45.11; H, 5.30; N, 31.56. 
Fouhd: C, 45.02; H, 5.41; N, 31.28. 

gyAMPLE 23 

1- [5 ' -O-Benzoyl-3 ' -C- [ (benzoyloxy ) methyl] -2 ' , 3 ' - 
dideoxy-4'-thio-o-and-6-D-erythro-pentafuranosyl] thymine (18) . 

A suspension of thymine (150 mg, 1.19 mmol) and a small 
crystall of ammonium sulfate in a mixture of 
hexamethyldisilazane (2 ml) and trimethylchlorosilane (0.2 ml) 
was refluxed until a clean solution was obtained. Volatile 
matters were evaporated off and the residue was repeatedly co- 
evaporated with toluene. The resulting syrup was dissolved in 
dichioromethane (2 ml) under nitrogen. To this solution compound 
16 (153 mg, 0.32 mmol) was added followed by the addition of 
tert.-butyldimethylsilyl triflate (0.075 mL, 0.33 mmol), 
mercuric acetate (0.102 g, 0.32 mmol). The solution was stirred 
for 24 h at room temperature. The reaction was quenched by the 
addition of saturated aqueous sodium hydrogen carbonate, dried, 
concentrated and purified by column . chromatography (chloroform- 
ethyl acetate 1:1) to give (0.127 g, 87 %) . NMR indicated that 
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coupling of thymine had occurred but the spectra were too 
complex to analyse without separating the anomers. This material 
was de-o-benzoylated using sodium in methanol at room 
temperature to give l(3'-c-hydroxymethyl)-2',3'-dideoxy 4'-thio- 
a-and-^-D-erythro-pentof turanosyl) thymine . 

EXAMPLE 24 

1- [ 5 ' -O-Benzoyl-3 ' -G- [ (benzoyloxy) methyl ] -2 ' , 3 ' ^ 
dideoxy-4 ' -thio-a-and-B-D-erythro-pentof uranosyl] cytosine. 
Cytosine (100 mg, 0.901 mmol) was silylated following the same 
procedure as for the preparation of 18 and dissolved in 
acetonitrile (3 ml) under nitrogen. Compound 17 (119 mg, 0.287 
mmol) was added followed by the addition of tert.- 
butyldimethylsilyl triflate (0.13 ml, 0.574 mmol) and the 
solution was stirred for l h at O^c. The reaction was quenched 
by t|e addition of saturated aqueous sodium hydrogen carbonate ■ 
30 min; diluted with diGhlor6methane,^,w^ witn, ■' 

■and furif led by column chromatogiraphy (etliyl aceiate-methanol 
4:l]i |tb qive an anomeric mixture of the protected nucleoside 12 
(49 mg, 37 %). NMR indicated that coupling of cytosine had 
oocur'fed but the spectra were too complex to analyse without 
separating the anomers. This material was de-o-benzoylated using 
sodium in methanol at room temperature to give l(3'-c- 
hydroxymethyl) -2 ' , 3 ' -dideoxy 4 ' -thio-o-and^B-D-erythro- 
pentof uranosyl) cytosine. 

Experimental 

The starting materials for the compounds in 
Examples 1-4 were prepared by the following sequence of 
reactions a - di 

a) (2S, 3R) -l-O-p-Bromobenzyl-3-C- (2 ' -propenyl) -1,2,4- 
butantriol (compound 2, Scheme l) . To a cold solution of 
allylmagnesium bromide -50«C (20 ml, IM) in 100 ml of dry 
diethyl ether under nitrogen atomosphere, a solution of 
(2S,3R) -3-[ [ (4-bromobenzyl) oxy]methyl]oxirane-2-methanol-i 
(1.36 g, 5 mmol) in 140 ml of dry diethyl ether was added 
dropwise over 30 minutes. The mixture was vigorously stirred for 
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30 minutes at -50 "C and then quenched with saturated aqueous 
ammonium chloride. The organic phase was collected and the 
aqueous phase was extracted with diethyl ether. The organic 
phases were combined and washed with hydrogen chloride (IM) , 
sodium hydrogen carbonate (sat.)/ dried, filtered, concentrated 
and separated by column chromatography (toluene: ethyl acetate, 
1:5), to give 2 (1 g, 64 %) [and 3 (0.4 g, 25 %) ] , +l'56 

(C 1.03, CHCI3) ; (100 MHz, CDCI3) : 1.8 (m IH, H-3); 2.13 

(t, J^,^2' = Ji',3 = H-1'); 3.3 and 3.0 (broad, 2H, 

OH-2); 3.59 (m, 4H, H-1, H-4) ; 4.0 (m, IH, H-2) ; 4.48 (s, 2H, 
CHsPh); 4.94 and 5.09 (m, 2H, H-3'a, H-3'b); 5.78 (ro, IH, H-2'); 
7.14-7.5 (m, 4H, arom); "c-NMR (25.05 MHz, CDCI3) ; 30.6 {C-1'); 
42.3 (C-3); 63.3 (C-4); 71.9, 72.3, 72.5 (CHjPh, C-1, C-2'); . 
116.4 (C-3'); 121.5, 129.1, 131.3 (aromatic Cj ; 136.4 (C-2 and., 
aromatic C) ; 

, b) % (2S,3R)-4-0-Benzoyl-l'-0-p-bromo^enzyl-3-^ 

; Jirof^hyii -Ir's ,^4-butan-'triol (compound 4, ■scheme 1) . Benzoyl r^;. 

' bhll^ide (3.21 ml, 27 ,6 mmol) was added dropwise'to a solution . 
of Compound 2 (8.54 g, 27 mmol) in dry pyridine (50 ml) at 0"C;. 
Th#reaction mixture was stirred at 0»C for 15 minutes . Water (5 
ml) "was added and the solvent was evaporated. The residue was 
dissolved in dichloromethane and washed with hydrochloric acid 
(1 M) , aqueous sodium hydrogen carbonate (sat.), dried, 
concentrated and purified by flash chromatography (toluene: 
ethyl acetate, 2:1) to give compound 4 (9.77 g, 86 %) . talUp: 
+8.5 (c 0.71, CHCI3); ^H-NMR (100 MHz, CDCI3) : 1.95-2.43 (m, 3H, 
H-3, H-1'); 2.59 (d, Jh(oh),2 = 3.9 Hz, IH, OH-2); 3.54 (m, sec. 
order, 2H, H-la, H-lb) ; 3.95 (m, IH, H-2); 4.34 (d, J4^3 = 5.1 
Hz, 2H, H-4); 4.48 (s, 2H, CHjPh) ; 5.14 and 5.0 (m, 2H, H-3'a, 
H-3'b); 5.78 (m, IH, H-2'); 8.1-7.14 (m, 9H, arom.); ^^C-NMR 
(25.05 MHz, CDCI3); 31.3 (C-1'; 40.4 (C-3); 70.1 C- 2; 64.0 
(C-4); 72.3 (CHjPh); 72.5 (C-1); 116.3 (C-3'); 121.4-134.7 
(arom.); 136.4 (C-2'); 166.1 (COPh) . 

c) Methyl 3-C-[ (benzoyloxy) methyl] -5-0-p-bromobenzy 1- 
2,3-dideoxy-D-erythro-pentofuranoside (compound 5, scheme 1). To 
an ice cold mixture of compound 4 (7.5 g, 17.9 mmol) and 
N-methylmorpholine-N-oxide (4.8 g, 35.5 mmol) in 
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tetrahydrofuran: water (3:1, 70 ml), OSO4 in t-butanol (18 ml, 
0.02 M, stab, with 1 % TBHP, 0.36 mmol) was added. After a few 
minutes, the ice bath was removed and the reaction mixture was 
stirred overnight at room temperature under nitrogen. NaHS03 
(2 g) was added and the mixture was stirred for 15 minutes. The 
solvent was evaporated off and the residue diluted with ethyl 
acetate, washed with HCl (1 M) , NaHCOg (sat.), dried, filtered 
and concentrated. The crude product was dissolved in 
tetrahydrofuran: water (3:1, 200^ ml) and treated with NaI04 (7.65 
g, 35.8 mmol). The cis diol was completely cleaved after 30 
minutes at room temperature. The tetrahydrofuran was evaporated 
off and the aqueous residue was saturated with NaCl, and 
extracted with diethyl ether. The organic phase was dried and 
concentrated. The residue was treated with methanolic HCl (0-05 
%, 50 ml) for ten minutes, neutralized with Dowex 2x8 (HCO3) , 
filtered, evaporated and the residue was purified by flash 
chrpmatography (toluene-ethyl . acetate, . 3 : 1) to^ give an anomeric . , 
-mixture, of. cb^^^ g, 85; %;)5 as xia 90 syrup, . : 

;^H-H^ (thre^ m, ,3H, H-l , H-2a, H-2b) ; 

3.31, 3.35 (2s, 3Hv OCH3) ; 3.6 (m, 2H, H-5) ; 4.1 (m, IH, H-4) ; . 
4.4;,(m, 2H, H-6); 4.6 (m, 2H, CH2Ph) ; 5.1 (m, IH, H-1) ; 7.1-8.0 
(m,;;.9H, aromatic); "c- NMR (25.05 MHz, CDCI3) : 35.6, 36,4 (C-2) ; 
38.7, 39.3 (C-3); 54.3, 54.5 (OCH3) ; 65 . 7 , 66.6, (C-6) ; 71.5, 
72,35, 72.37, 73.8 (C-5) (CH2Ph) ; 79.9, 80.1 (C-4) ; 104.8 (C-1) ; 
121.0- 136.4 (aromatic); 165.8 (COPh) . 

d) Methyl 5-0-ben2oyl-3-C-[ (benzoyloxy) methyl] -2,3, - 
dideoxy-D-erythro-pentafuranoside (compound 6, scheme l) . A 
solution of compovmd 5 (1 g, 2,3 mmol) in dry diethyl ether (3- 
ml) was dissolved in liquid ammonia (50 ml) in a dewar bottle. 
Sodium (300 mg, 13 mmol) was added in portions over 5 minutes. 
The solution was stirred for 30 minutes and then quenched with . 
solid NH4CI. The ammonia was evaporated under a stream of 
nitrogen and the solid residue was diluted with ethyl acetate. 
The solid was filtered off and washed several times with ethyl 
acetate. The filtrate was concentrated and then co-evaporated 
with dry toluene. The crude residue was dissolved in dry 
pyridine (30 ml). Benzoylchloride (0.8 ml, 6.9 mmol) was added 
and the solution was stirred for 40 minutes at room temperature 
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after which water (5 ml) was added and the mixtiire was 
concentrated to dryness. The residue was dissolved in CH2CI2 and 
washed with aqueous HCl (1 M) , aqueous NaHCOj (sat.)/ dried, 
filtered and evaporated to dryness. Flash chromatography 
(toluene ethyal acetate, 3:1) yielded compound 6 (580 mg, 68 %) , 
as an anomeric mixture. A small sample of compound 6 was 
separated by silica gel. ^H-NMR and m.p. of the /3-anomer were in 
agreement with those previously reported. 

The starting materials for the compounds in 
Examples 11-16 were prepared tj the following sequence of 
reactions a-e: 

a) Methyl 5-0-(p-bromobenzyl)-3-C-(hydro3eymethyl)-2,3- 
dideoxy-D-erythro-pentofuranoside. Methyl 3-C-[ (benzoyloxyJ-S-O- 
( a-bromobenzyi) -2 , 3 -dideoxy-D-erythro~pehtof uranoside (1.61 mg , 
3,70 mmoi) was treated with methanoric ammonia (30 ml, 

" WWttirated)' for' -2^4 h. The solvent -Was: evkporated, and the residu^. 
was¥putif ied ijy flash" column chromatography (toluenerethyl 
acetate, 1:2) to give the title compound (1.14 g, 93 %) . Anal. 
Caldd for Ci4Hi904Br: 50.77; H, 5.78. Found: C, 50.67; H, 5.73. 

b) Methyl 5-0-(p-bromoben2yl)-3-C-(fluoromethyl)-2,4- 
dideoxy-D-erythro-pentofuranside. To a cold solution (-IS'C) of 
the previous compound (637 mg, 1.92 mmol) in dichloromethane (15 
ml) and pyridine (0.31 ml, 3.85 mmol) under nitrogen, a solution 
of trifluoromethanesulfonic anhydride (0.38 ml, 2.26 mmol) in 
dichloromethane (5 ml) was added dropwise. After stirring for 10 
min at -15 *C, the mixture was diluted v/ith dichloromethane (100 
ml) , washed with 1 M hydrogen chloride, saturated aqueous sodium 
hydrogen carbonate, dried, and concentrated at a bath 
temperature not exceeding 20**C. The residue was treated with a 
solution of anhydrous tetrabutylammonium fluoride in tetra 
hydrofuran (6 ml, IM) for 15 min. The mixture was concentrated 
and the residue was subjected to flash column chromatography 
(toluene-ethyl acetate, 9:1) to give the title compound (466 mg, 
73 %). Anal. Calcd for Ci4Hi803BrF: 50.46; H, 5.45. Found: C, 
50.28; H.35. 
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c) Methyl 5-p-ben2oyl-3-C- (f luoromethyl) -2 , 3-dideoxy-D- 

erythro-pentofuranoside. A mixture of the previous compound (572 
mg, 1.72 mmol). in ethanol (40 ml) containing sodixna hydrogen 
carbonate (excess) and 10 % Pd on charcoal (50 mg) was treated 
with hydrogen for 5 h at ambient pressure. The solids were 
filtered off and the filtrate was concentrated. The crude 
residue was dissolved in a mixture of dichloromethane (3 ml) and 
pyridine (0.3 ml, 3.7 mmol), followed by the addition of benzoyl 
chloride (0.24 ml, 2.07 mmol). The reaction mixture was stirred 
for 15 min- Water (2 ml) was added, and the mixture was stirred 
for 10 min, diluted with dichloromethane, washed with l M 
hydrogen chloride, saturated aqueous hydrogen carbonate, dried, 
dnd concentrated. The residue was purified by flash column 
chromatography (toluene-ethyl acetate, 4:1) to give the title 
compound (372 mg, 81 %) . Anal. Calcd. for C^^'R-^^O^Ti C, 62.68; H, 
6.39.. Found: C, 62.55; H, 6.33. . . . 

.<i)^^ ^ A : \: :; M^^tdr?^ .3rC-- (a^i^pme-thyl) -5-0- (p-brc^oi^en^yl) -r2.,; 3- . ^'jc, 
:di(^eoxy-D^erythro«pentpf\iranosidev. ; 

To a mixture of methyl 5-0-(p-bromobenzyl-3-C- 
(hY.droxymethyl)-2',3/-dideoxy-D-erythro-pentofuranoside (1.95 g, 
5.89 mmol), triphenylphosphine (1.6 g, 6.1 mmol), and lithium 
azide (1.5 g, 30.6 mmol) in dry N,N-dimethylf ormamide (25 ml) 
was added carbon tetrabromide (1.95 g, 5.89 mmol) at room 
temperature. The mixture was vigorously stirred for 24 h. 
Methanol (3 ml) was added, and the solvent was evaporated. The 
mixture was diluted with dichloromethane, washed with water, 
dried, and concentrated. The residue was purified by flash 
column chromatogra^)hy (toluene-ethyl acetate, 4:1) to give the 
title compound (1.99 g, 95 %) 2100 cm-1. Anal. Calcd. for 

Ci4Hi803BrN3 : C, 47.20; H, 5.09; N, 11.80. Found;C, 47.15; H, 
4.98; N, 11.9. 

e) Methyl 3-C- (azidomethyl) -5-0- (benzoyl) -2 , 3-dideoxy-D- 

erythro-pentofuranoside. To a stirred solution of dry pyridine 
(4.7 ml, 58.3 mmol) and dichloromethane (20 ml) was added 
chromium trioxide (2.8 g, 28.0 mmol). The mixture was stirred 
for 15 min at room temperature. A solution of the previous 
compound (1.68 g, 4.72 mmol) in dichloromethane (20 ml) was 
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added, followed by acetic anhydride (3.2 ml, 32.0 amol) , and the 
mixture was stirred for 10 min at room temperature. The mixture 
was passed through a short column of silica gel with ethyl 
acetate as eluent, to give a crude product, which was treated 
with methanolic ammonia f30 ml, saturated) for 24 h. The solvent 
was evaporated, and the -.-esidue was purified by flash column 
chromatography (toluene- ethyl acetate, 1:1) and then dissolved 
in a mixture of dichloromethane (15 ml) and pyridine (1 ml, 12.4 
mmol) , after which benzoyl chloride (0.55 ml, 4.73 mmol) was 
added. The reaction mixture was stirred for 15 min. 
Water (2 ml) was added, and the mixture was stirred for 10 min, 
diluted with dichloromethane, washed with 1 M hydrogen chloride, 
saturated aqueous hydrogen carbonate, dried, and concentrated. 
The residue was purified by flash column chromatography 
(toluene-ethyl acetate, 9:1) to give the title compound (1.0 g 
57 Anal. Calcd for €^^4^:^0^1(2' 57^72; H, 5.88; N, 14.43... 
Found: C, 57.86; H, 5.74; N, 14.43. - . 

. : f ;|. ■ 5 The starting material. £bf the" ^^tfipbuiids in SxafltiJle 17 
were prepared by the following sequence of reactions a-b: , . 
a) (3S,4S)-3,4-di(benzoyloxymethyl)cyclopentanone (compound 8, 
scheme 2). A mixture of (-) (3S,4S)-3,4-di(methoxycarbonyl)- 
cyclopentanone (compound 7 Scheme 2) (0.93 g, 4.6 mmol), 
ethylene glycol (6,5 ml, 0.12 mol) and p-toluenesulf onic acid 
monohydrate (25 mg) in toluene (50 ml) was refluxed for 6 h with 
a Dean-Stark trap. Sodium hydrogen carbonate (20 mg) was added, 
and after stirring for 5 min the mixture was washed with 
saturated aqueous sodium hydrogen carbonate, dried (MgS04) and. 
concentrated to a crude ketal diester. According to IH NMR, the 
product was free from unreacted ketone. The crude ketal diester 
in dry diethyl ether (15 ml) was added dropwise for 1 h to an 
ice-cold mixture of lithium aluminium hydride (0.35 g, 9.2 mmol) 
in dry diethyl ether (35 ml) . The mixture was stirred at room 
temperature for 3 h before the excess of lithium aluminium 
hydride was decomposed by successive addition of water (0.5 ml), 
3 M aqueous NaOH (0.5 ml) and water (1.5 ml). After stirring for 
1 h MgS04 (20 g) was added and the stirring was prolonged for 5 
min. The precipitate and MgS04 were removed by filtration and 
washed several times 
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with ethyl acetate. The filtrate was concentrated to give a 
crude oil of the diol. To a stirred solution of the diol in 
pyridine (13.5 ml) was added benzoyl chloride (2.3 ml, 20.1 
mmol) dropwise. The mixture was stirred for 3 h in room 
temperature. Water (5 ml) was added and after stirring for 10 
min, the mixture was diluted with saturated aqueous sodium 
hydrogen carbonate and dichloromethane. The organic layer was 
separated and washed with saturated sodiim hydrogen carbonate, 
dried (MgS04) emd concentrated. Column chromatography (toluene- 
EtOAc, 3:1) on a short column of silica gel gave a syrupy 
residue including the dibenzoylated ketal and traces of the 
dibenzoylated ketone. The syrup was dissolved in methanol (92 
ml) and 2 M aqueous HCl (31 ml) , stirred at room temperature for 
2 h and then at 50»C for additional 2 h. The solution was 
neutralized with sodium hydrogen carbonate (5.2 g) , diluted 
wit^ w^ter/ extracted with dichloromethane. The organic layer 
was dried (MgS04) , concentrated and crystallized from diethyl 
ether/hexane to give the title cjompound as needles (0 . 90 g, ~ 
: 5Si^ :r,.m^^-85r^S^C:;, [a3p^59.1?. ,(c X.OA-, . chloroform) ; NMR (iOd 
MHz, CDCI3). S 2.12-2.73 (m, 6H, 2 CH, 2 CHj) , 4.50 (d, 4H, 2 CHj- 
OBz), 7.36-7.64 and 7.94-8.07 (m, lOH, aromatic H) ; "c NMR 
(25.05 MHz, CDCI3) S 38.3 (2 CHj) , 41.6 (2 CH) 65.9 (2 CHj-OBz) , 
128.2, 128.2 and 133.0 (aromatic C) , 165.9 and 214.9 (C=0) . 
Anal. Calcd for C21H20O5 (352.4): C, 71.58; H, 5.72. Found: C, 
71.34; H, 5.73. 

b) (3S,4S)-3,4-di(benzoyloxymethyl)cyclopentanol (compoxind 9, 
Scheme 2). To the compound 8 obtained under a) (193 mg, 0,55 
mmol) in methanol (10 ml) was added sodium borohydride (41 mg, 
1,10 mmol) in successive portions. The mixture was stirred at 
room temperature for 30 min, and then diluted with water and 
diethyl ether. The organic layer was washed with saturated 
aqueous sodium chloride, dried (MgS04) and concentrated to a 
syrup which was purified by column chromatography on silica gel 
(toluen/EtOAc, 1:1) to yield title compound (189 mg, 97%; [a]^ 
_16.4'' (c 1.09, chloroform); ^H NMR (100 MHz, CDCI3) ^ 1.6-2.7 
(m, 7H, 2 CH, 2 CH2, OH), 4.41 (t, 4H, 2 CH2-OBZ) , 7.34-7.56 and 
7.97-8.09 (m, lOH, aromatic H) ; "c NMR (25.05 MHz, CDCI3) S 
38.3, 39.3, 39.8, 40.0 (2 CH2 2 CH) , 67.4, 68.2 (2 CHj-OBz) , 72.5 
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(CHOH), 128.1, 129.3, 129.8, 132.8 (aromatic C), 166.3 (C=0) . 
Anal. Calcd for C21H22O5 (354.4): C, 71.17; H, 6.26. Pound: C, 
71.05; H, 6.18. 

The starting materials for the compounds in Examples 18, 
_ 22 were prepared by the following sequence of reactions a-c: 

a) (S) -4-tert-Butyldiphenylsilyloxy) methyl- (R, S) -2- 
hydroxymethyl-7-butyrolactone (11). Ethanol (28 lil, 0.48 mmol) 
was added to sodium (280 mg, 12.17 mmol) in dry diethyl ether (5 
ml) , and the mixture was stirred at room temperature for 2 h. A 
solution of (S)-4-(tert-butyldiphenylsilyloxy)methyl-7- 
butyrolactone (3.50 g, 9.87 mmol) and ethyl formate (980 mg, 
13.23 mmol) in diethyl ether (6 ml) was added and the stirring, 
was continued for 16 h at room temperature. Diethyl ether (20 
ml) and 1 M NaH2P04 (10 ml) were added and the phases were 

• •sepWrated.' The organic phase was washed with" water, dried and 
" Ooncehtrated." TKfe residue was dissolved ' in- ethanol (10 ; ml) , • and..; / 
'-V ialutibn 6f' NaBH4 (500 mg, l3.^2:^ftmC)i) in" ethanol (lO ral) was ^ ; 
' addid. After 5 min, the reaction was terminated by the addition 
of i few drops of 80 % acetic acid. The mixture was partitioned 
between ethyl acetate and water. The organic phase was dried, 
concentrated and the residue purified by column chromatography 
(toluene-acetone 9:1) yielding 11 (3.40 g, 90 %) . 

Anal. Calcd for C22H2804Si: C, 68.71; H, 7.34. Found: 

C, 68.58; H, 7.36. 

b) (s) -2-Acetoxymethyl- (S) -4- (tert-butyldiphenyl- 
siiyloxy)methyl-7-butyrolactone(12) . A solution of 11 (2.00 g, 
5.20 mmol) in pyridine (20 ml) and acetic anhydride (10 ml) was 
stirred at 60«C for 30 min. The solution was concentrated and 
the residue purified by column chromatography (toluene-acetone 
10:1) to give 12 (1.41 g, 64 %) : [alu +22. 4» (c 1.00, CHCI3) : 
NMR (CDCI3) 5 29.3 (C, tert) , 20.8 (CH3, acetate), 26.9 (3 x 
CH3), 27.3 (C-3), 39.8 (C-2) , 63.1, 65.7 (CHjOAc, C-5) , 78.1 (C- 
4), 127.9, 128.3-135.7 (ArC), 170.7 (acetate), 176.4 (carbonyl) ; 

NMR (CDCI3) S 1.05 (s, 9H, 3 X CH3) , 2.07 (s, 3H, CH3, 
acetate), 2.39 (m, 2H, H-3, H-3M, 3.13 (m, IH, H-2) , 3.79, 4.35 
(m, m, 4H, H-5, H-5', H-6, H-6'), 4.58 (m, IH, H-4) , 7.17-7.72 
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(m, lOH, ArH) . 

Anal. Calcd. for 02411300581: C, 67.57; H, 7.09. Found: 
C, 67.48; H, 7.15. 

c) 2-C-Acetoxymethyl-l-O-acety 1-5-0- ( tert-buty Idipheny 1 ) - 

silyl-D-erythro-pentofuranose (13) . To a solution of lactone 12 
(500 itig, 1.17 initiol) in toluene (30 ml) at -78®C was added 
diisobutylaluminium hydride (20 % in hexane, 3.00 lal^ 2^.95 
nrniol) . The solution was stirred for 1.5 h, allowed to wara to 
room temperature, and methanol (0.5 ml) was added. To the 
solution was added ethyl acetate (30 ml) and aqueous sat. NaHC03 
(4 ml). After stirring for 2 h, dry MgS04 (2.0 g) was added and 
after additional stirring for 3 h, the mixture was filtered. The 
filtrate was concentrated, the residue dissolved in pyridine (6 
ml) and acetic anhydride (3 ml) and heated to 40^C for 30 min, 
concentrated and the residue purified by column ' chromatography . - 
(toluene-acetone 10:1) to yield the title compound (500 mg, 91 :^ 
%) ]^^m (jqpcis ^ • ^.e^^^ signals) :5 ' 

19:|^v (C/ te£t;)>:>^2^^^ 21.4 -(Q^,, acetates) , 26c9 (3 : < 

GH3) , ?.8.4 (C--3) , 42.3, 44.8 (C-2) , 62.8, 63.7,. 65.8, 66*8 
and C-6), 60.0, 81.4 (C-4) , 97.6, 100.2 (C-1) , 127.8-135.7 
(Arc), 170.2, 170.9 (acetates). 

Anal. Calcd. for C26H3406Si: C, 66.35; H, 7.29. Pound: 
C, 66.51; H, 7»28. 

The starting materials for the compounds in Examples 23 
- 24 were prepared by the following sequence of reactions a-c: 

a) 5-0-Benzoyl-3-C- [ (benzoyloxy) methyl] -2 , 3-dideoxy-L- 

threo-pentose dibenzyl dithioacetal (15) . 

Compound 14 (0.191 g, 0.516 mmol) was treated at room 
temperature with benzyl mercaptane (0.24 ml, 2.07 mmol) in 
dichloromethane {3 ml) containing a catalytic amount of stannic 
chloride for 24 hours. The mixture was then diluted with 
dichloromethane and washed with saturated aqueous sodium 
hydrogen sulfate, dried, filtered, concentrated and purified by 
flash column chromatography (toluene-ethyl acetate 9:1) to give 
compound 15 (0.266 g, 88 %) as a colourless syrup: [cc]^^x^-8 .1^ (c 
1.0, CHCI3). ^^C NMR (25.05 MHz, CDCI3) S 34.0, 34.6, 34.9 (C-2, 



wo 92/06102 PCT/SE91/00653 

41 

CH2Ph), 38.9 (C-3), 47.9 (C-1) , 63.2 (C-4) , 67.6 (C-5) , 69.8 (C- 
6), 127.1-138.0 (aromatic), 166.7 (COPh) . 

b) Benzyl 5-0-ben2oyl-3-C- [ (benzoyloxy) methyl) -2 , 3- 

dideoxy-l,4-dithio-o-and-B-D-erythro-pentofuranoside (16). To a 

solution of compound 15 (0.347 g, 0.592 mmol) in toluene- 
acetonitrile (2:1, 9 ml) were added triphenylphosphine (0.93 g, 
3.55 mmol) and triiodoimidazole (0.79 g, 1.78 mmol). The mixture 
was kept at lOO'C over night. The mixture was diluted with 
toluene and washed with saturated aqueous sodium hydrogen 
sulfate, dried, filtered, concentrated and purified by column 
chromatography (toluene-ethyl acetate 50:1) to give li (0.219 g, 
77 %) as a colourless syrup: [a]2V4.2» (c 1.0, CHCI3) ; % NMR 
(100 MHz, CDCI3) 5 2.0-2.3 (m, 2H, H-2) , 2.8 (m, IH, H-3) , 3.8, 
(m, 3H, CHaPh, H-4), 4.5 (m, 5H, H-1, H-5, H-6) , 7.1-8.1 (m, 15H, 
aromatic). 

V;f ' 'Acit^l' 5'-6-l5'^^ 5 "2 i"^-"- 

did&j^-i'-thio-a-and-^ (Al) • Compound . 

16 (6.182 g, 0.381 minol-) and mercuric acetate (0.24T g, 0.761 
inmol) in glacial acetic acid (5 ml) were stirred at room 
temperature for 30 min. The solvent was evaporated and co- 
evaporated with dry toluene. The residue was diluted with 
dichloromethane, filtered through celite and concentrated. Flash 
chromatography (toluene-ethyl acetate 9:1) gave compound 12 
(0.156 g, 99 %) as a colourless syrup: % NMR (100 MHz, CDCI3) S 
2.03, 2.07 (2S, 3H, COOCH3) , 2.3 (2H, H-2), 3.0 (m, IH, H-3), 3.8 
(in, IH, H-4), 4.4 (m, 4H, H-5, H-6), 6,2 (m, IH, H-1), 7.0-7.9, 
(m, lOH, aromatic). 

BlQloaig;al tests 

Test I. Effect of compounds of the formula I on HIV in ".9 cells 

HTV infection of H9 cells 

H9 cells, 10^ cells per well on a 24 well plate, 
suspended in 2 ml RPMI-medium containing 10 % fetal calf serum, 
100 mg/ml penicillin, 10 mg/ml streptomycin sulfate and 2 mg/ml 
polybrene are exposed to HIV (HTLV-IIIB) and different 
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concentrations of the test compounds. The plates are incubated 
at 37*' C in 5 % CO2 for 6-7 days. The contents in each well is 
then homogenized with a pipette and transferred to a centrifuge 
tube. After centrifugation for 10 min at 1500 rpm the 
supernatant is removed and the cell pellet is analyzed by 
fixing in methanol on glass plates. Human HIV positive serum 
diluted 1:80 or 1:160 is added and incubated for 30 min at 
37*^0. The plate is then washed with phosphate-buffered saline 
(PBS) containing Ca^"*" and Mg^"^. Sheep antihiman conjugate (FITC) 
is added and after a new incubation the plate is again washed 
with PBS. Contrast staining is done with Evans blue and after 
drying the frequency of HIV antigen containing cells is 
determined in a microscope. The test result is shown in Table l. 

Table 1 

Concentration (mH) for 50 % inhibition (IC5Q) of human immuno 
def iciency virus multiplication in cell culture 

.;;C;oH^oundv ■ -. ;.• ..;r-;.'.: .^.ICgi^,,^ 



l-[2 ' , 3 '-Dideoxy-3 ' -c- (hydroxymethyl) 
-erythro-pentaf uranosyl ] cytoslne 


-iS-D- 


0.01 


1- [ 2 ' , 3 ' -Dideoxy-3 ' -C- (hydroxymethyl) 
-erythro-pentaf uranosyl ] cytosine 


-a-D- 


5 


1- [ 2 ' , 3 ' -Dideoxy-3 ' -C- (hydroxymethyl ) 
-erythro-pentaf xiranosyl ] thymine 


-/J-D- 


5 


1- [ 2 ' , 3 ' -Dideoxy-3 ' -C- (hydroxymethyl ) 
-erythro-pentaf uramosyl ] thymine 


-a-D- 


10 


9-[2 ' , 3 '-Dideoxy-3 ' -C- (hydroxymethyl) 
-erythro-pentaf urauiosyl ] adenine 


-a-D- 


10 



Table 1 shows that the tested compounds are active inhibitors of 
HIV virus multiplication. 



Test II. Cellular toxicity 
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H9 cells, 2x10^ cells per plate, are incubated in RPMI- 
1640 medium containing 10 % fetal calf serum, 70 mg/1 
penicillin, 100 mg/1 streptomycin and 10 mM hepes, in absence or 
presence of test compounds. The number of cells per plate is 
determined after 48 h. Cells incubated in the absence of test 
compounds then underwent two cell division cycles. 

F5000 cells, which are human embryo cells, 1x10^ cells 
per plate, are incubated in Eagle's minimal essential medium, 
supplemented with Earle's sals, non-essential amino acids, 10 % 
fetal calf serum, 10 mM hepes, 70 mg/1 penicillin and 100 mg/1 
streptomycin, in absence or presence of test compounds. The 
number of cells per plate is determined after 48 h. Cells 
incubated in the absence of test compounds underwent one cell 
division cycle. The results are given as % inhibition of cell 
multiplication and are given in Table 2. 

Table 2. cellular toxicity ea H9 cells 

cbi)c^nd ^ " ^ % inhibition (H3) 

l--[2',3'-Dideoxy-3'-(hydroxymethyl)-|J-D- ; 
-erythro-pentofuranosyl]cytosine (1 mM) 50 



Table 2 shows that the concentration at which the 
compound exhibit toxicity exceed the concentration needed for 
50 % inhibition of HIV multiplication ^as given in Table 1. 
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CLAIMS 



1. 



A compound of the formula 




lA 



wherein X is 0, SO, SO2, CH2; R is OH, 0-P0(0H)2» 
0-P0(0H)-0-P0-(0H)2, 0-P0(0H)-0-P0(0H)-0-P0(0H)2 or 
(CH2)n0CH2P0(0H)2 Wherein n is 0-2; 



Y is OH, NH2 and is CH=CH2, CsCH, CH=CH-CH3, 
CSC-CH3, thien-2-yl, thien-3-yl, H, CH3, C2H5, CH2CH2CH3 or 
CH(CH3) 2/ 

R^ and R^ are the same or different and are H, F, CI, 
OH, NH2 or SH; 

in the form of a mixtxire of a- and j3-anomers or in the 
form of an a- or /3-anomer; and pharmaceutical ly acceptable 
salts thereof, with the provisos: 



. if; ^.: R^ is H and R^ is GHa, CK2OH, qH20CH3, CHjSH, CH2F or 
-:CSitl^i---OT-^'S^t^^: B and-R^ -is CR3V OHjOH, GH20PH3,-: jCHgSH, . CH2F or..;i 
:CH2^37:::-.-- .7 -:v■..-^^.i^•■^^ ' v- - • . • - 




a) In the combination wherein X is O, S; R^ is H and R"* is 
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CHjOH; Y is OH, NHj/ is CH=CH,; CsCH, CH-CHCHa, H, CH3, CjHg, 
CH2CH2CH3, CH(CH3)2; then the claimed compounds of the formula lA 
only are these in the form of the j8-anomer. 

b) In the combination wherein X is CH2; is H and R^ is 
CH2OH; the claimed compounds of the formula lA are those wherein 




and and r"' are the same or different and are H, CI, 
OH, NH2 or SH. 

2. A compound of the formula 




IB 



wherein X is O, S, SO, SOj, CHj; is OH, 0-P0(0H)2, 
0-P0(0H)-0-P0-(0H)2, 0-P0(0H)-0-P0(0H)-0-P0(0H)2 or 
(CH2)n0CH2P0(0H)2 Wherein n is 0-2; 

• • r2 is H and R^ is CH3, CH2OH, CH2OCH3, CH2SH, CH2F or 
CH2N3; or R^ is H and R^ is CH3, CHjOH, CH2OCH3, CHjSH, CHjF or 
CH2N3; 



R* is 




or 




Y is OH, NHj and R^ is CH=CH2, CsCH, CH=CH-CH3, 
CBC-CH3, thien-2-yl, .thien-3-yl, H, CH3, C2HS, CH2CH2CH3 or 
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CH(CH3)2; 

and are the same or different and are H, F, CI, 
OH, NH2 or SH; 

in the form of a mixtxire of a- and /3-anomers or in the 
form of an a- or j8-anomer; and pharmaceutical ly acceptable 
salts thereof. 

3. A compound according to any of claims 1-2 wherein X is 
O. ' . 

4. A compound according to any of claims 1-2 wherein X is 

5. SO or SO2. 

5. A compound according to any of claims 1-2 wherein X is 

■ CH2. .. • " • 

sTv^f A coidpound according to any of claims 1-5 wherein R^ is 
OH; r2 is H and R^ is CH2OH; R^ is H and R^ is CH20H. 

7. ..A compound according to any of claims 1-5 wherein R^ is OH; 
r2 is H and R^ is CH3, CH2SH, CH2OCH3, CH2F, CH2N3; R^ is H and 
r2 is CH3, CH2SH, CH2OCH3, CH2F, CH2N3. 

8. A compound according to any of claims 1-5 wherein R^ is 
(CH2)nOCH2PO(OH)2 and n is 0 - 2. 

9. A compound according to any of claims 1-8 wherein X is OH, 
NH2 and R^ is H, CH3, CH=CH2, CsCH or CH=CH-CH3. 

10. * A compound according to any of claims 1-8 wherein R^ is NH2 
when r"^ is H, OH, SH or NHj. 



11. A compound according to any 
or CI when R*^ is OH, SH or NH2. 

12. A compound according to any 
are OH. 



of claims 1-8 wherein R is H, F 



of claims 1-8 wherein R^ and R 
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13. A compound according to any of claims 1-12 in the form of 
an a-anomer. 

14. A compound according to any of claims 1-12 in the form of 
a /S-anomer. 

15. A compound of the formula lA and IB according to any of 
claims 1-14 for use in therapy. 

16. A pharmaceutical composition comprising as. an active 
ingredient a compound of the formulas lA and IB according to 
any of claims 1-14 and a pharmaceutical ly acceptable carrier, 
including liposomes. 

17. A method for treatment of virus infections in an animal or 
huma'h host in need of treatment, comprising: administering an 
effective amount of a compound of the formulas l^ and IB as 
def ined in. any of cl aims 1-14 . : 

18. ^ A method according to claim 17 for treatment of infections 
caused by viruses requiring reverse transcriptase for 
replication, including human immune deficiency viruses and 
hepatitis B virus 

19. A method according to claim 17 for treatment of infections 
caused by herpes viruses. 

20. A method according to claim 17 for treatment of infections 
caused by parasites. 

21. Use of a compound of the formula lA and IB according to any 
of cla-ms 1-14 for the manufacture of a medicament for trfe ment 
of the aciguired immuno deficiency syndrome and infections caused 
by viruses requiring reverse transcriptase for replication. 

22. Use according to claim 21 for the treatment of infections 
caused by HIV-viruses. 



23. Use according to claim 21 for the treatment of infections 
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caused by hepatitis B virus* 

24. Use according to claim 21 for the treatment of infections 
caused by herpes viruses. 

25. Use according to claim 21 for the treatment of infections 
caused by parasites. 

26* A process for preparation of a compound of the formula 




lA 



,5^ wherein X, E^, R^, and R^ are as defined in claim 1, 
,by condensing a glycoside as comprised in the^formuia tcvthe N^l 
position of a pyrimidine derivative or to the N-9 positior? of a 
purine derivative • 




lA 



wherein Z is 01, Br, J, acyloxy or alkoxy. R^', R^' 
and R^' are R^, R^ and R^ respectively as defined above or with 
the proviso that when or R^ is OH then 0 must have a 
protecting group, r"^' is R^ as defined above, having a silyl, 
acyl or alkyl protecting group. 

27. A process for the preparation of a compound of the formula 
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wherein X, R^, and R-^ are as defined in claim 1, by 
condensing a glycoside as comprised in the formula to the N- 1 
position of a pyrimidine derivative or to the N-9 position of a 
purine derivative 




wherein Z is CI, Br, J, acyloxy or alkoxy. R^', R^' 
and R^' are R^, R^ and R^ respectively as defined above or with, 
the proviso that when R^ or R^ is OH then O must have a 
prot^ecting group, R*' is R* as defined above, having a silyl, 
acyl or alky i proitecting group. . 

28. Ta process iifbr i)rei)arati6fi of ^a compoiind ot ^e formula 

wherein X, R^, R^ and R3 are as defined in claim 1 and Z is CI 5^. 
Br, J, acyloxy or alkoxy, by reacting a protected butan-1,4- 
diol-2,3 epoxide with a nucleophile containing 3 or 4 carbon 
atoms with a double bond, followed by transforming the double 
bond and ring closure. 
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